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Deferred Flood The possibility of damage 
Damage Again done by the severe floods 

of last March showing itself 
at this late date was pointed out editorially 
in these columns on June 28 as a lesson drawn 
from the collapse of a bridge at Watervliet, 
N, Y. That the warning was well worth 
while has since been demonstrated by two 
disasters attributed to the same cause. At 
Dayton three men were injured and several 
score narrowly escaped in the collapse of a 
roundhouse, while a pier of a railroad bridge 
near Lafayette, Ind., went into the river only 
ten minutes before a train was due. It is not 
recorded in either case what inspection was 
made of the structures after the flood, but the 
warning is sufficiently clear that those having 
charge of structures subjected to the ravages 
of the high water of last spring should take 
no chances as to their condition. 


All honor to him who keeps 
his word and, therefore, it 
would seem appropriate to 
pay tribute to the Governor of New York— 
for has he not carried out the pledge of his 
party platform to appoint a “practical rail- 
road man” to the Public Service Commission 
of the Second District? The appointee, or 
nominee, as he is till confirmation, is indeed 
a practical railroad man, having risen through 
the positions of brakeman and fireman to that 
of locomotive engineer, which he now occu- 
pies. Some few people might construe prac- 
tical railroad experience, when considering the 
qualifications necessary for service on a utili- 
ties commission, to mean such training as 
would fit one to pass on bond issues, to deter- 
mine the adequacy of rates, to decide difficult 
terminal cases and to weigh the merits of 
petitions for certificates of convenience and 
necessity. But, then, some people have pecu- 
liar ideas and do not appreciate the political 
capital created by catering to particular 
classes! Possibly the Governor feels that he 
“has made good.” Very few others do. 


The Governor 
Makes Good 


The Kuhn 
Collapse 


Holding companies are so un- 
common in the waterworks 
field that the ramifications of 
financing often accompanying the absorption 
of many small properties by a large one 
are seldom brought home to the waterworks 
officials as forcibly as they are to those in fields 
where consolidations are almost the rule rather 
than the exception. How the scheme often 
works, however, was plainly shown by the 
collapse of the Kuhn interests at Pittsburgh, 
where two national banks, a private banking 
firm and a holding company chiefly inter- 
ested in waterworks properties, all came to 
grief through the difficulties of one of the 
banks. The central organization of the group 
was the private banking firm of J.S.& W.S. 
Kuhn, Inc. One of the brothers was head of 
the First-Second National Bank, the other 
dominated the American Waterworks & 
Guarantee Company, and both as a firm ad- 
vertised widely and sold the securities of forty 
utilities. To this close community of interest 
was due whatever success had attended the 
firm’s transactions. The holding company has 
been successful, earning from properties as 
diverse from one another as irrigation is from 
coal mining about $1,750,000 last year. That 
success, however, was predicated upon its abil- 


ity to command large resources, and this it 
was able to do because of the banking con- 
nections of the Kuhns. Robbed of this affili- 
ation, it tottered into receivership. ‘Lhe indi- 
cations are that the financial backers of the 
American Waterworks & Guarantee Company 
discounted the future in their promotion 
schemes, hoping that growth would enable the 
properties to pull along the heavy burdens 
placed upon them. It appears that collateral 
highly prized by the bank officials did not 
appear to be worth much to the government 
investigators or to other Pittsburgh bankers. 
This would indicate pyramiding, an evil to 
which holding companies are peculiarly sus- 
ceptible. If such is the case, the failure can 
readily be understood, for the crumbling of 
one stone in a financial structure of that char- 
acter is sufficient in times of financial stress to 
cause the whole to collapse. 


State Water 
Scheme Legal 


The obstacles to the develop- 
ment of the Wharton tract by 
the State of New Jersey for 
the supply of water to communities in the 
southern part of the state seem now to be en- 
tirely removed. The tract, having an area of 
110,000 acres and an estimated yield of 400,- 
000,000 gal. per day, was originally purchased 
by private parties with a view to supplying 
water to Philadelphia therefrom. This use 
was prevented, however, by the passage of 
laws forbidding the transportation of water 
out of the state. The State Water Supply 
Commission arranged to purchase the tract 
and proposed to issue therefor $1,000,000 in 
bonds, but since the state constitution forbids 
a debt exceeding $100,000 except in time of 
war or threatened invasion, a friendly suit 
was brought by the attorney-general to test 
the legality of the law. The Court of Chan- 
cery now supports the Water Supply Commis- 
sion on the ground that the commission is a 
corporation distinct from the state. 


The general impression car- 
ried away by those who at- 
tended the Third Interna- 
tional Road Congress in London last month 
appears to be that a distinct advance was 
made over the results obtained at the two 
former meetings in Paris and Brussels. This, 
of course, was to have been expected, for ex- 
perience is an excellent teacher and during 
the three years which have elapsed since the 
Brussels meeting highway engineers through- 
out the world have not been idle. It is true, 
of course, that the last word on the art of 
road-building will not.be said for many years. 
Practice in the various countries is far from 
uniform and under present conditions any 
conclusions reached by an international body 
will naturally be confined to matters which 
are already universally accepted as good prac- 
tice. Although the conclusions of the con- 
gress, printed in detail in the Current News 
Section of this issue, developed nothing essen- 
tially novel, they are still of interest, for they 
indicate the trend of thought among highway 
engineers and public officials. One of the 
most regrettable features of the congress, 
from the American viewpoint, was that the 
United States was not officially represented. 
It is true that 25 or 30 men from the United 
States made the trip to London and through 
the courtesy of their hosts were enabled to 


International 
Road Congress 


participate in the proceedings, but the em- 
barrassing position which they were forced to 
occupy can be appreciated when it is known 
that 39 countries were represented at the 
congress—all, except the United States, by 
official delegates. Congress, in its wisdom, 
provided at its last session that “hereafter the 
l’xecutive shall not extend or accept any invi- 
tation to participate in any international con- 
gress, conference or like event without having 
specific authority of law to do so.’ ‘The next 
international road congress is to be held in 
Munich in 1916. It is earnestly hoped that by 
that time the obstacles which prevent highway 
engineers of the United States from meeting 
those of the other world powers on an equal 
footing will have been removed. 


Regulation of | A flood-prevention report of 
Cherry Creek no small proportions and 

worth was recently presented 
to the Denver Board of Public Works with 
recommendations for a bond issue of $1,000,000 
with which to buy land and construct a regu- 
lating reservoir. Its presentation caused no 
excitement and little or no comment from the 
local press—so soon are flood damages for- 
gotten and public interest lost! What mat- 
ters it to them even if the walled channel will 
carry but one-half of the known discharge! 
The white shining sands in the dry bed of the 
creek give such a false sense of security that 
the engineer's cold-blooded hydrographs, dis- 
charge curves and run-off percentages make 
no appeal. No less than thirteen unusual 
floods have occurred in this stream since the 
first on record in 1864, which drowned nine- 
teen citizens and damaged property to the ex- 
tent of several thousands of dollars. Even 
before this time the Indians, knowing the char- 
acter of the stream, warned the settlers that if 
they persisted in building in the Cherry Creek 
Valley their homes would be swept away. 
The recent report is replete with accounts of 
these old disasters and contains a full descrip- 
tion of the damage done last July, which early 
exaggerated reports placed at $500,000 for the 
city and $1,500,000 for the corporations. 
These sums have dwindled until the statement 
is made in the report that probably all mone- 
tary damage to city structures would be cov- 
ered by $50,000 and to private property by 
from $250,000 to $500,000. Little damage was 
suffered by the public-utility companies. 
There were two distinct storms, one in Denver 
and another covering only a small portion of 
the watershed. The latter resembled the 
rains which caused the Dayton disaster, in 
that the storm passed downstream at approx- 
imately the same rate that the water in the 
channel did. As noted in the abstract on 
page 81 the most feasible plan reported by the 
commission involves the construction of a 
$500,000 regulating reservoir near the city 
limits. The silt problem is disposed of by the 
proposed use of the sand and gravel for build- 
ing purposes; the investment feature, by the 
fact that much of the land would be available 
for parks on which no permanent structures 
need be erected or by farming until parking 
becomes desirable. Already some of the rec- 
ommendations of the commission have. been 
carried out, all, however, on the assumption 
that the channel width will remain.at 80 ‘ft. 
Four flat-slab concrete bridges with center 
piers have replaced bridges with hanging plate 
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girders, some of which a commission of the 
Chamber of Commerce characterized as diver- 
sion dams. Contrary to general belief, there 
is nothing unusual or phenomenal about the 
Cherry Creek floods, and Denver should be sure 
that the factor of safety relating to the water- 
way under all new bridges has been carefully 
considered. Data are now available, and 
whether the particular plan recommended is 
carried out or not, engineers should not rest 
till adequate measures are put into effect. A 
large monetary loss is almost certain if ex- 
isting conditions are not improved, further en- 
croachments checked and a definite plan of 
regulation carried out. 


Creating Great Precedents 


The structures on the New York Connect- 
ing Railway described on page 79 include 
three of very unusual interest—an arch span 
of unprecedented dimensions and capacity, the 
substructure for the span, involving ex- 
tremely difficult foundations, and the high re- 
taining walls and fill for a remarkable em- 
bankment or causeway. ‘The steel superstruc- 
ture of the 1o00-ft. arch span has dimensions 
placing it almost in a class by itself, so far are 
they beyond those of other similar structures, 
and the problems of design, fabrication, and 
erection will accordingly demand treatment of 
more or less originality, supplemented by the 
best resources in shop and field. 

An arch span, above all others, requires the 
most stable foundations, which ordinarily have 
been carried to rock at moderate depths. 
Where this could not be accomplished the site 
has generally been considered unsuitable for 
this type of structure; but in this case, despite 
the extremely heavy loads, the arch will be 
used even though one end must be carried on 
foundations sunk through boulders, quicksand 
and water through a great depth to bearing on 
what is expected to be a very irregular rock 
surface. One or two massive pier footings 
have heretofore been adopted for arch abut- 
ments, but in the Hell Gate Bridge each of 
the abutment foundations will consist of five 
separate compound sections, two of which, in 
the planes of the arch trusses, and designed to 
take a large proportion of the arch thrust, will 
be rectangular in plan, consisting of several 
separately constructed units bonded together. 
Beneath these footings there will be three 
longitudinal rows of five separate cylindrical 
footings each, designed to carry vertical loads 
from the massive pier. 

It is proposed to build these footings with 
reinforced-concrete caissons cast above ground 
and sunk as far as possible by loading and by 
open dredging through the interior wells. It 
is known that they will encounter a deep bed 
of boulders, beyond which there is a still 
deeper stratum of sand, with indications of 
rock from 70 to 140 ft. below the surface. 
Ground-water level is very near the surface 
and the close proximity to the river and the 
character of the soil make it certain that an 
unlimited quantity of water will be encount- 
ered at all stages. Provision will be made for 
converting the open footings to pneumatic 
caissons and continuing the work under air 
pressure if necessary, and it is hoped that it 
will prove possible to sink them, open or 
closed, to a depth of 140 ft., or more if neces- 
sary. The limits of human endurance under 
excessive pressure and the enormous fric- 
tional resistance that will be encountered are 
fully recognized by the contractors and engi- 
neers, who, nevertheless, expect to overcome 
the difficulties. Their progress and methods 
will be watched with great interest, and if 
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they are successful under conditions as dith- 
cult as seem possible the achievement will be 
of the highest order. 

The treatment of earth pressures and re- 
taining walls is acknowledged to be among 
the most difficult and disputed of engineer- 
ing problems. It is, therefore, usual to design 
them conservatively. In this case the steel 
viaducts, adopted on part of the line, are re- 
placed for a considerable length on one sec- 
tion by a solid viaduct or causeway, consist- 
ing of an earth embankment of a maximum 
height of about 60 ft. and a width of 60 ft., 
carrying four freight and express tracks and 
inclosed between thin parallel concrete walls 
with one vertical and one slightly battered 
face. It is believed that by compacting the 
selected earthfill in thin convex layers there 
will be given to it a stability so great that 
the horizontal thrust on the side walls will be 
reduced almost to elimination and that the 
function of the walls will approach that of 
mere facing. The walls will, however, be 
connected at intervals by horizontal rods en- 
gaging reinforcing and distributing steel mem- 
bers embedded in the concrete and calculated 
to care for any balanced pressures which may 
be developed against the inner faces of the 
walls. Obviously this construction effects an 
enormous reduction in masonry and will be a 
most important precedent if the earth there 
can be made to attain and permanently main- 
tain an approximately independent stability. 
It is no novelty to compact or even to curve or 
incline the layers of earthfill, but the applica- 
tion of the principle on such a large scale and 
the reliance placed on the stability of the fill 
in a most important structure are probably 
without precedent and show splendid engi- 
neering courage. 


Transportation and City Planning 


The relation between transportation and city 
planning has been more and more empha- 
manifold ramifications of the 
latter subject have become manifest. It was 
dimly appreciated from the start that if peo- 
ple were to be moved to the country facilities 
must be provided to transport them quickly 
and cheaply from their new homes to their 
employment. But the many other points where 
transportation and city planning touch were 
not apparent at the start. How intimate the 
relations are, however, is well shown by the 
paper by Mr. Milo R. Maltbie abstracted on 
page 65. Some of the points are especially 
worthy of attention. 

His remarks on the economics of subways 
are especially important in view of the demand 
that arises from time to time in nearly every 
large community for this form of rapid transit. 
He emphasizes the fact that in order to offset 
the burden of large fixed charges there must 
be a dense traffic, and that in turn means con- 
gestion of population. But congestion, 
whether in business or in residential (if tene- 
ment neighborhoods can be so called) dis- 
tricts, is opposed to the fundamental idea on 
which proper city planning is based. In prac- 
tically all American cities, save New York, 
long subways are not economically advisable. 
After the reasonable car capacity of the 
streets has been exceeded the most practical 
form of development is the construction of a 
terminal subway or elevated line over which 
all or part of the cars can be routed through 
the business district. The terminal subway in 
Boston, for example, has been a great factor 
in relieving street congestion. 

The importance of straight and direct 
streets for the car routes is also pointed out 


by Mr. Maltbie and may well be borne in 
mind by those who delight in laying out 
“magic-maze” towns, which while commend- 
able and beautiful could very well reduce to 
hopeless inefficiency a street railway corpora- 
tion that attempted to operate over the 
sinuous streets. 

The crying need of more efficient handling 
of foodstuffs in cities may be solved, in Mr. 
Maltbie’s judgment, by using the tracks of the 
street railway system in conjunction with 
proper interchange facilities between it and 
the interurban lines. The idea is not a new 
one and the wonder is that the scheme has not 
been more largely developed. The fairly large 
express systems in Cleveland and Syracuse 
and the recent development in Boston indicate 
that there are no fundamental difficulties. It 
is evident, however, that both the cities and 
the companies have not, in general, addressed 
themselves seriously to the problem, That the. 
degree of control Mr. Maltbie believes neces- 
sary will be generally accepted is doubtful, but 
certainly there must be a different relation- 
ship than now exists between municipality and 
company if there is to be progress along these 
lines. There must be a better spirit of co- 
operation and a keener realization that the 
interests of the two are mutual. With such 
a basis established, greater progress can be 
expected. 


Chicago Garbage Situation 


Again the Chicago: garbage situation arises 
to be solved just as the city council is ready 
to adjourn for the summer vacation. For two 
years the matter has been under consideration 
and is no nearer solution than at first. Mean- 
while the end of the contract, which expires | 
Sept. I, with the Chicago Reduction Company 
gets nearer and nearer and the city is face to 
face with the alternative of renewing that con- 
tract or, as Mayor Harrison says, of dumping 
the garbage into clay holes. 

Several months ago bids were asked on a 
specification that was but little more explicit 
than the cablegram from an Oriental water 
department to a New York filter company ask- 
ing for a quotation on “a filter plant and five 
miles of pipe.” No disposal companies bid on 
these indefinite specifications. Then the city 
engineer’s office was asked to prepare specifica- 
tions for a plant located on a site to be fur- 
nished by the city on the main sanitary canal. 
Recently it was found that the city had picked 
a piece of ground so tied up in litigation that 
only the courts could decide its ownership. In 
consequence these bids had to be abandoned. 

Not long ago Mayor Harrison, who sees no 
other way out of the difficulty than to renew 
the present contract, paid a visit to the present 
plant and is reported to have found things 
“clean as an old maid’s kitchen,” the floors 
washed and scraped and the processes evolving 
practically no odor. A few days later mem- 
bers of the Woman’s City Club on an unher- 
alded inspection trip were not so favorably im- 
pressed. To anyone who has visited a plant 
fixed up for official inspection and knows it in 
its regular every-day slouchiness both stories 
are perfectly plausible. 

Gathering garbage and reducing it to an 
innoctious state is certainly not angel’s work, 
but the fact that the plant can be made clean 
and respectable for inspection should serve as 
a hint to the officials to insert in any agree- 
ment extending the contract that the place 
shall be kept in that condition by rigid city in- 
spection. With a renewed contract as a tem- 
porary expedient no time should be lost in 
placing the whole matter in the hands of an 
expert for solution in a permanent way, as has 
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been urged by the Engineering Record on 
more than one occasion. The attitude of those 
handling the matter, which constitutes one of 
the reasons why outside talent is needed, was 
well illustrated when a representative of this 
journal on a quest for information was imme- 
diately surrounded by a typical crowd of polit- 
ical appointees and told that “no engineers are 
employed; only a good practical man with 
common sense is needed.” 

Handling garbage in Chicago was studied 
during the last year by the efficiency division 
of the Civil Service Commission, but the re- 
port related only to collection, although when 
the investigation was started it was the general 
impression that the whole situation would be 
reported on. How soon Chicago will take this 
problem firmly in hand and solve it satisfac- 
torily seems uncertain.. The jarring into life 
of some of the council committees that fear 
they will be stripped of some of their powers 
by the new state public-utility law indicates 
that the time is favorable for the appointment 
of a committee that will get results. The 
Engineering Record hopes that a live garbage 
committee will be appointed, that it will catch 
some of the enthusiasm of the local transpor- 
tation committee, which proposes to reduce 
the insanitary crowding of elevated cars by 
increasing the loop capacity from 700 to 1100 
cars per hour, and that the example of the 
railway-terminal committee in employing an 
engineering adviser of recognized standing 
will be emulated. 


Proposed Wisconsin Water-Power 
Law 


A water-power bill of a decidedly “ad- 
vanced” character was introduced in the Wis- 


consin Legislature on July 3. While it is so 


radical in its provisions that it should stand 
but little chance of passage, it is the culmina- 
tion of so much _ water-power-legislation 
‘tinkering,’ and covers matters of so great 
interest to. hydraulic engineers and power 
companies, that a review of the measure is 
well worth while. 

In considering water-power legislation in 
Wisconsin it is well to note that previous to 
IgII permits or franchises had been granted 
only by special act of the legislature in each 


‘individual case, there being no general law 


under which a water-power plant could be 
constructed. ‘Following the general discus- 
sion of “conservation” which swept through 
the country a few years ago, various members 
of the legislature convinced themselves that 
the riparian owners of water powers within 
the state had no rights that the legislature 
was bound to respect. Hence in 1911 they 
passed a water-power bill, which practically 
confiscated all the water powers both devel- 
oped and undeveloped. This matter was 
brought before the Wisconsin Supreme Court 
and was declared unconstitutional. The fol- 
lowing paragraphs from the decision are of 
interest: 

“The right of the riparian owner to use the 
water of the river on his own land within his 


_ boundary determined by ordinary high water 


mark, for the purpose of creating power or, 
as the act in question puts it, ‘developing 
energy,’ returning the water again to the 
stream, is unquestionably a private right ap- 
purtenant to the riparian land.” 

“These premises support the conclusion that 
the act in question attempts to deprive the 
owners of improved riparian land and of the 
resulting water power and owners of unim- 
proved riparian land with its appurtenant 


water-power privileges and advantages, of 
property without due process of law; that it 
attempts to authorize the taking of private 
property for private purposes; and that it at- 
tempts to take property without just compen- 
sation. The act in question, in the particulars 
mentioned, is inconsistent with the paramount 
commands of the state and of the Federal Con- 
stitution applicable to the same facts and con- 
ditions. Hence, we cannot recognize it as 
law.” 

It will be noted from the above that the 
Supreme Court has declared, in no uncertain 
way, that the water powers of the state are 
the property of the riparian owners. Not con- 
tent with this decision, various members of 
the legislature have been endeavoring to find 
some way in which they could practically ap- 
propriate these water powers for the benefit 
of the state and still avoid conflict with the 
decision. The bill offered on July 3 is the 
result of this effort. 

Briefly, this bill attempts to force any ri- 
parian owner who wishes to develop a water 
power and who must apply to the state for a 
permit so to do to sign away to the state his 
rights in said power for the privilege of de- 
veloping or utilizing it. He is to be allowed 
“the value of the power site exclusive of any 
rights to water power or to the use of water 
power or its availability in connection with 
the use of water power,” and after the expi- 
ration of thirty years, which is the limit of the 
franchise, the state, if it has the constitutional 
power, or any municipality “may acquire all 
of the property of the corporation used and 
useful under the franchise by paying there- 
for as determined by the [railroad] commis- 
sion at the time of taking, the cost of repro- 
duction in the then existing condition of all 
dams, works, buildings or other structures or 
equipment used or useful under the franchise 
and by paying in addition thereto the value of 
the power site as determined by the commis- 
sion before the granting of the franchise,” not 
including, of course, any water-power value. 

It is, of course, evident that any water- 
power company which purchases a power 
site must pay its actual value for water- 
power purposes—or at least so much of thé 
same as the owner may demand. If condem- 
nation is attempted, any jury must hold under 
the Supreme Court decision that the water- 
power privilege is an appurtenance of the land 
and it must give a value based on this deci- 
sion. Under the proposed law, however, no 
such value could be recognized by the railroad 
commission, and no allowance would be made 
by such commission of such value; hence, any 
amount paid for water-power privileges, or 
any benefit to be derived from such privileges, 
must be realized before the expiration of the 
franchise. 

Furthermore, the limitations of the territory 
in which the power can be sold are under the 
control of the railroad commission, as well as 
the rates to be charged. While it is probable 
that any rate commission acting under such a 
law would take these various conditions into 
account in the making of rates, and permit the 
charging of such rates as would admit of a 
fair return under the conditions of the fran- 
chise, yet it is evident that the state cannot 
assure such rates and that any failure to se- 
cure them would result in a loss to the water- 
power company from which there would be no 
escape. 

The bill provides that if a water-power plant 
is to be constructed for the purpose of oper- 
ating a paper mill or other manufacturing 
plant, the power company must be organized 
as a separate corporation, must sell its power 


to others besides the plant which it was in- 


corporated to serve, and at the end of the 
tranchise period might be taken over by the 
state Or a municipality, leaving the manufac- 
turing establishment entirely without power, 
and possibly valueless. 

This bill as drawn is based on the idea that 
the water powers of the state are of very 
great value; that thirty years’ use is ample 
compensation for their development, and that 
the profit accumulated within that time is suf- 
ficient to compensate the owners for all the 
rights to which they are legally entitled. Lf 
there was an active demand for power from 
water-power installations at the cost of the 
development of power by steam, water pow- 
ers in some parts of the state would undoubt- 
edly be very valuable, although this is not 
true when the larger cities of the state are 
considered. The main difficulty in the way of 
securing such compensation for water-power 
energy lies in the fact that a power can be 
developed in general only when a market is 
already established—that is, for communities 
where steam is already used. When an at- 
tempt is made to sell current at such points 
the user takes the position that his fixed 
charges are already incurred and that if he is 
to take power at all it must be furnished to 
him at a reduction below his station charges. 
This means in general that the current must 
be sold at one-half, or less, of the actual cost 
of steam power, fixed charges and operating 
expenses being considered. In many cases this 
will leave no margin wi.atever fo: the water- 
power plant, and in other cases one that is 
comparatively small. 

The Engineering Record knows of no cases 
in Wisconsin where water-power properties 
for public service have been very profitable. 
The LaCrosse Water Power Company, with 
an investment of $2,500,000, went into the 
hands of a receiver and was sold at a price 
that netted the bondholders about 8 per cent 
on their holdings. The Kilbourn plant, rep- 
resenting an actual investment of more than 
$2,000,000, has been in operation about five 
years and has paid one dividend amounting 
to $15,000. No water-power plant in general 
service in Wisconsin, so far as known, has yet 
been able to pay materially more than inter- 
est, depreciation and maintenance, although 
few for such service have been in use for 
more than a few years, and some of them ulti- 
mately will probably prove to be reasonably 
profitable. 

In some cases the flood contingencies have 
caused very great expense from which some 
of them can never recover. The greatest 
profit which can be realized from water-power 
plants in Wisconsin would accrue from com- 
bining them either with other service cor- 
porations or with manufacturing establish- 
ments where the value of the power used 
would be fully equal to the cost of steam. 
This the proposed law absolutely prevents. 

As a business proposition there must be an 
opportunity to realize returns on any invest- 
ment commensurate with the hazard involved, 
and the hazard in the case of any water-power 
property is necessarily large. 

The bill if enacted will be fatal to any fur- 
ther development of water power in Wiscon- 
sin. Under it the investor must take all of the 
risks of unforeseen contingencies, of securing 
a market, of regulation of rates, of being com- 
pelled to make greater investments than he 
desires, of ultimate confiscation of at least his 
water-power rights—and even then with very 
little hope of any reasonable financial return. 
No engineer of intelligence could ever advise 
an investor either to build a plant or to buy 
securities of a water-power plant under such 
a law. 
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Antelope Valley Siphon, Los Angeles Aqueduct 


Four-Mile Concrete and Steel Pipe Riveted under Bonus System 


By William W. Hurlbut, Chief Draftsman, Los Angeles Aqueduct 


There are constructed on the Los Angeles 
aqueduct twenty-one siphons, having a total 
length of 12.43 miles; thirteen of these are 
riveted steel pipes, with an aggregate length 
of 9.39 miles, the remaining eight being rein- 
forced-concrete pipe with a total length of 
2.14 miles. The steel siphons vary in diam- 
eter from 7 ft. 6 in. to 11 ft., while the con- 
crete pipes are all 10 ft. in diameter. Rein- 
forced-concrete pipe was used on the construc- 
tion of siphons whose maximum head did not 
exceed from 75 to 80 ft. 

The Antelope Valley siphon crosses the gen- 
tle slopes of the Antelope Valley 188 miles 
south of the intake in Owens Valley and 50 
miles north of the Fernando Valley, the end 
of the aqueduct. This siphon, while not the 
largest on the aqueduct in point of head, has 
the greatest tonnage, being 80 tons heavier 
than the Jawbone siphon, with a head of 850 
ft., and is by far the longest, being 4.11 miles 
in length, with a maximum head of 200 ft. 


THREE DIVISIONS OF PIPE 


The pipe is divided into three parts. The 
north end is of reinforced concrete, 2750 ft. 
in length; the middle portion is of riveted steel 
plate, extending for a distance of 15,597 it., 
and the south end is of reinforced concrete, 
3447 ft. long. 

The pipe has an inside diameter of 10 ft. 
throughout its entire length, the concrete por- 
tions being carried down to 8o ft. of head on 
each end, at which point the transition to the 
steel pipe takes place. The hydraulic gradient 
for the concrete pipe is 0.0008 and for the 
steel pipe, 0.0015. The difference in elevation 
between the north and south ends is a drop of 
29.38 it. 

The steel pipe consists of 7249 ft. of %4-in., 
3698 ft. of 5/16-in. and 4650 ft. of 3¢-in. steel 
plate. 

The construction of the 6197 ft. of concrete 
pipe was commenced in July, 1911, and com- 
pleted in November of the same year. Exca- 
vation for the concrete portions was made with 
a Model 40 Marion steam shovel, the material 
being desert soil, which was easily excavated. 
A quarry was established to furnish crushed 
rock near both the north and south ends of the 
siphon, the haul varying from 4 to 6 miles; 
sand and gravel were also hauled about the 
same distance. The teaming was done by 
force account, using twelve-mule teams with 
one trailer, at a cost of 12 cents per ton-mile. 

The pipe is built entirely of Fairmont tufa 
cement, which is 50 per cent by volume of 
straight Portland cement, manufactured by the 
city’s mill at Monolith, Cal., and 50 per cent 


tufa. A double saving is accomplished by us- 
ing this cement, first, in the reduced price of 
the cement itself, and, second, in the rail- 
road and wagon haul on about one-half of the 
amount of straight cement between Monolith 
and Fairmont. By this regrind process about 
75 cents per barrel has been saved in trans- 
portation charges alone. Tufa cement is 
slower in getting its initial hardness than 
straight cement, but by the end of twenty-eight 
days it is fully as hard and by the end of six 
weeks it has a greater strength than straight 
cement, and is steadily gaining strength, as the 
two-year breaks show at the present time in 
excess of 600 Ib. The average wagon haul 
from the Fairmont tufa mill was 22 miles, at 
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used; for 30 ft. of head, %4-in. rods, 35 ft. 10 
in. long; for 45 ft. of head 5%-in. rods, 36 ft. 
5 in. long, and up to 8o ft. of head 34-in. rods, 
BOutt. ED in ons: 

The hydraulic properties are as follows: Hy- 
draulic slope, 0.0008; area, 78.54 sq. ft.; wetted 
perimeter, 31.416 ft.; hydraulic radius, 2.50; 
velocity, 5.88 ft. per second; capacity, 463 sec.- 
ft.; 1, 0.014; C, in Chezy formula, 124. 


ForMs 


The form ribs were spaced 4 ft. apart. The 
six-segment inside form was supported on 
concrete blocks, 1 ft. high, 1 ft. thick and 14 
ft. long, laid under each form in the bottom 
of the trench, the upper surface being cast to 
the radius of the pipe. The segments of the 
inside forms are all interchangeable and are 
bolted together. The panels are covered with 
16-gage metal and are 2 x 4 ft. 

The outside forms are in two pieces, bolted 
together at the top, and are made of 3 x 3 x 
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Arrangement of Steel Forms for Reinforced-Concrete Siphon 


a cost of 12 cents per ton-mile and averaging 
1 ton to the animal, using twelve-mule teams. 


CONSTRUCTION QUANTITIES 


The construction quantities are as follows: 
1.24 cu. yd. of concrete per lineal foot; longi- 
tudinal reinforcement, seventeen 34-in. rods 
36 ft. 11 in. long, lapped 3 ft. 2 in. and spaced 
about 2 ft. center to center; transverse rein- 
forcing, spaced 4 in. center to center. Up to 
15 ft. of head 3¢-in. rods 35 ft. 4 in. long are 


Hauling Steel Plates from Mojave to the Siphon 


5/10-in. T-bars. They are blocked against 


_timbers at the sides of the trench, and the 


panels, which are pinned through open holes, 
hold them longitudinally. One hundred and 
fifty feet of forms were all that were required 
on the work. Reinforcing rods were bent to 
the proper radius in the field. 


CONCRETING 


A Ransome mixer was used, mounted on 
high trucks especially rigged to allow the plac- 
ing of the concrete by gravity flow. The con- 
crete was poured very wet, using a mix of 
1:2:4. An average of about 50 ft. a day was 
made; the concrete was stripped of the forms 
on the third or fourth day; at this time the 
trench was backfilled, the top of the pipe being 
even with or below the surface of the ground. 
The inside of the pipe was trowel plastered 
about 1% in. thick, using a mixture of I to 2 or 
3 of sand and cement. 

The cost analysis for both ends of this pipe 
is given in Table 1 for direct field charges. 

An average of 1.48 cu. yd. of concrete per 
lineal foot on the north end and 1.30 cu. yd. 
on the south end was used. The cost does not 
include overhead or auxiliary charges, which 
amount to about 20 per cent. 

The steel, or middle portion of the Antelope 
Valley siphon, was furnished by the Riter- 
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Conley Manufacturing Company, rolled and 
punched at a cost of $1.50 per hundredweight 
f.o.b. factory at Leedsdale, Pa., or $2.30 per 
hundredweight laid down at Mojave, Cal., the 
distributing point for this work. The plate 
was shipped nested in order to obtain the min- 


Taste 1—Cost ANALYSIS FOR CONCRETE PIPE 
Northend, South end, 


Description 2750 ft., 3447 ft., 
cost per ft. cost per ft. 
Steam shove] excavation ..... Gane BpOSSS: $0.94 
Excavation, moving shovel........ -05 
Lining— 
Rock atid BLrevel a sdccvaye cece sb2 1.85 3.68 
(CESTEYS TARE: Berea iid Sta a ena gm Brereeae 6.25 5.80 
Mixing and placing. ....0.. 00.06 .96 91 
Setting forms...... 5 55 62 
Steel and placing... 4.00 4.30 
SE Vaste nition me wees vase. cereiy oe erate hele .70 .26 
PUperintendence .. 2.262664. 65 5.05 17 26 
BEAT IY Oe rare thcrae peste /one Rawat te eae os Oo) 39 
PG RINGS liao ois 2 con views ecwarers -03 04 
Average cost per foot of com- 
pleted Section. ceicc seaiecc seek we $15.48 $17.20 


imum rate for carload lots. The plate is of the 
lap-joint type, the inside rings being Io ft. in 
diameter. 

The thickness of steel was designed for an 
ultimate strength of 60,000 lb. per square inch 
on the gross section, with a factor of 4, and 
a working stress of 15,000 lb. per square inch 


joints, the remainder of the plates being of 
triple-riveted longitudinal joint construction. 

Table 2 gives lengths and weights and safe 
heads of each thickness of metal. 


TABLE 2—STEEL-PLATE Data 


Thickness Safe head, Length, Weight, 
feet feet pounds 

Y-in. double-riveted.... 100 2690.006 938,810 
M%-in. triple-riveted..... 144 4559.332 1,609,440 
5/1 G Lins ol erent cease uctie fers: 180 3697.542 1,626,920 
SE At<, Msigteoine meee sear 2 210 4650,000 2,648,970 
“OCA fesse Meee ECM Rank Gendt Gens) ove! oe 15,596,880 6,648,970 


Where changes in thickness of plate oc- 
curred sections were tapered so that in no case 
was the inside diameter less than 10 ft. There 
are no horizontal angles in the pipe, and only 
six vertical angles, the maximum angle being 
1 deg. 6 min. and the minimum 6 min. 

C in Chezy’s formula was used as 90; the 
hydraulic gradient is 0.0015; the velocity, 5.51 
ft. per second, with a capacity of 433 sec.-ft. 


HAULING MATERIAL wiItH MULES 


Mojave is the division headquarters and the 
nearest railroad point to this work, being 35 
miles distant. For the hauling of the pipe 
from this point three stations were established 
10 miles apart; twelve-mule teams were used 


ra 


Section of Concrete Siphon 


bolted in the trench during the day. Erection 
of this siphon commenced in the middle and 
was worked both ways from this point. All 
rivets were cone-headed and of full-diameter 
shank; 5£-in. rivets were used on the % and 


Riveting Double Ring Section, 34-Inch Plate 


on the gross section, and without additional 
allowance for deterioration. — f 

The shearing strength of rivets is 38,000 lb., 
the efficiency of joints ranging from 72 to 80 
per cent. 

The roundabout seams are all single-riveted., 
One-quarter inch plate up to roo ft. of head 
was used with double-riveted longitudinal 


Scheme of Riveting 


for this hauling, the average load being 12.9 
tons, or a little more than 1 ton to the animal. 
A team made 20 miles a day, loading at Mo- 
jave, arriving at the 10-mile station at noon; 
at the 20-mile station at night of the first 
day ; at the 30-mile station at noon of the sec- 
ond day; leaving there and discharging the 
load at the siphon the afternoon of the second 
day; then returning to the 30-mile station the 
same night; returning the following day to the 
1o-mile station; and at noon of the fourth day 
reloading at Mojave, thus making the round 
trip in three and one-half days. The cost for 
this long haul averaged 12 cents per ton mile, 
which is half of the lowest bids by contract for 
the same class of work received by the city. 

Excavation for this pipe was done with 
slips and the pipe backfilled about one-third of 
its circumference in the sand. 

The plate was all field-riveted. All plates 
are 72 in. in width. The 14 and 5/16-in. plates 
were riveted in four-ring sections, or 24 ft. in 
length, and the 3é-in. plates in two ring sec- 
tions, or 12 ft. in length. These sections were 
then rolled into the trench and picked up with 
an A-frame derrick and entered and bolted. 
Due to the intense heat during the day all the 
riveting in the trench was done at night, the 
12 and 24-ft. sections being fabricated and 


Method of Erecting the Pipe in the Trench 


5/16-in. plate and 34-in. rivets on the 3-in. 
plate. 


Bonus System FOR RIVETING 


The riveting crews made good speed, due in 
part to the bonus system which was adopted on 
this work. Ten days constituted a bonus pe- 
riod, thus giving three bonus periods to each 
month. Bonus payments were allowed upon 
the basis of measurements made at the close 
of each ten-day period. Only men who had 
worked continuously through the ten-day 
period were entitled to a bonus, with the fol- 
lowing exceptions: First, a man injured or 
taken sick during the periods from conditions 
due directly to siphon construction; second, 
employees transferred to other parts of the 
work by the superintendent in charge; third, 
the interruption of work due to a shortage of 
material or supplies, failure of power or other 
causes beyond the control of the men. In such 
cases the bonus was allowed in proportion to 
the shifts worked by him during the period. 

Table 3 gives the schedule for siphon work 
for a typical riveting crew of four men. 

The world’s record for field-driven rivets 
was made on the erection of this pipe, one man 
driving 1650 5£-in. rivets in one eight-hour 


shift. 
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The compressor plant was located in the cen- 
ter, or 11% miles from each end of the pipe. 
Due to the fact that the city’s electric trans- 
mission line did not extend south of Mojave, it 
was necessary to provide other than electric 


TasBLe*3—Bonus Rate For Riveting Crew 
Crew Per cent 


Mechanic. bonus, of bonus 
Each per Size of Wages, Base rate, cents per man 
shift rivet, in. per day per shift per rivet per shift 
Ri 2 wdliers g es Bok 
iveter 4 j $3.50 400 1% 30 
% 2 
Heater .... 1% 3.00 {400 1% | 30 
Bucker .... ) Ye PDyphx 400 1% 20 
ee {% 00 1% 
Sticker 1% 2.50 1 400 1% 20 


energy for power to drive the compressor plant. 
The plant consisted of four 40o-hp Aurora gas 
engines, all belted to a line shaft, the line shaft 
in turn being belted directly to an Ingersoll- 
Rand air compressor. Two lines of 4-in. O. D. 
casing delivered air at a pressure of 110 lb. 


directly to the surface of the metal under the 
rust scales. This paint is not only cheap but 
a very good preservative of the metal, the cost 
being 8 cents per gallon. One gallon covered 
400 sq. ft. The pipe is painted both inside and 
out with two coats. 

Table 4 gives direct field charges of costs for 
the steel pipe. 

To the cost shown in the table should be 
added 10 per cent for overhead charges. The 
average cost of driving 645,957 rivets was 2.9 
cents per rivet, and the average cost per pound 
of erecting was 3.39 cents. The erection of 
steel commenced in April and was completed 
in September, 1912. The greatest progress 
was made during the month of August, when 
5940 ft. were erected. 

Expansion in this pipe amounted to 23 in. 
from 5 a. m., the coolest part of the day, until 
midday, the hottest part. As soon as the pipe 
was filled with water this movement ceased, 
because the temperature of the pipe is held 


Forms, Reinforcement and Mixing Plant for Concrete Pipe 


The plant was very successful and gave 
efficient service. Ingersoll-Rand and Boyer 
air hammers were used. The pipe was calked 
inside and out with a blunt-nose calking tool. 
Two 24-in. blow-off valves are located at the 
lowest point in the valley; these valves are half 
way up on the pipe. There is also a 4-in. 
drain pipe located in the bottom of the pipe. 
The pressure on the valves is 86.8 lb. per 
square inch, the discharge being 441 sec.-ft., 
with a velocity of 70 ft. per second. The di- 
ameter of the handwheel is 24 in., the gear 
rating being 3 to 1, requiring a force of 15 lb. 
on the handwheel, which is threaded to 4-in. 
pitch, 50 per cent. being allowed for friction. 


Tar-PAINT COATING 


Lead paints and pipe preservatives of a 
number of varieties were tried, but it was 
found that in order to use them it was neces- 
sary to chip off the rust scales, as they did not 
penetrate through to the metal, so a coal-tar 
paint was used, This tar, which is the residue 
from crude oil in the manufacture of water 
gas, is the same as coal tar, except that lamp- 
black heated to incandescency is used instead 
of coal to decompose the steam. The tar paint 
was heated, then cut with naphtha, and applied 
with brushes. The paint penetrated through 
any rust scales formed on the pipe and adhered 


more uniform and also the weight of water 
tends to prevent this movement. There are no 
expansion joints in this pipe. 

The steel pipe at the points of transition to 
the concrete pipe extends 5 ft. into the con- 
crete pipe. The pipe was filled with water up 


TasLe 4—Fretp Costs ror STEEL Pipr 


Length, Unit Cost 
Description feet cost per cwt 
Trenchwex¢avatiOn ccc gaise se sis s 15,597 $0.33 
Anchorages, proportion ........ 15,597 48 
Steel pipe: 
Cost rolled and punched at 
Niohave face cei amcotien: Race sats 15,597 9.84 $2.30 
Loading and hauling......... 15,597 1.46 .34 
Placing <i cetera carseat ole 15,597 .52 12 
Riveting’ (cere wkemtereeteleteie tae aves 1.19 -28 
Catrno | o cae emaneeeaiee saree 7 24 -06 
Nh ah eb ie AMMEN f cure cg SICA CORA Ie oS .04 
Equipment ...... 87 21 
Superintendence 11 -03 
Engineering ... “ve ' .04 -O1 
Back il) MyNews 19 
Bell hole, proportion ....... 15,597 ait 
Dismantling camp, proportion 15,597 -01 
Manholes, proportion ....... 15,597 01 
Blow-off valves, proportion.. 15,597 03 
EL Otal When s siete ialenataietetemieneey al $15.58 $3.39 


to this point, and during the cool weather 
mass-concrete block anchorages were built, in- 
casing the pipe for a length of 27 ft. At a 
distance of 6 ft. apart, or at the center of each 
of the three plates, angle irons cut in four 
segments were riveted to the outside of the 
pipe. The concrete was put in to a depth of 


10 ft. beneath the pipe, with a width of 15 ft. 
and a thickness of 1% ft. around the pipe. Re- 
inforcing bars are all 34 in. in diameter, the 
transverse rods being spaced 4 in. apart and 
thirty-four longitudinal rods spaced about 2 ft. 
center to center and staggered. 

The pipe has been filled with water for sev- 
eral months and tested out. At these points 
of transition only a hair crack has occurred 
where the steel meets the concrete; these 
transitions are holding the pipe and no seepage 
has occurred. There are 150 cu. yd. of con- 
crete in the two transition anchorages, which 
cost $2,223. 

This entire work was done by the Los An- 
geles Aqueduct Bureau by force account, un- 
der the supervision of Mr. William Mulholland, 
chief engineer; Mr. J. B. Lippincott, assistant 
chief engineer, and Mr. H. A. Van Norman, 
division engineer in direct charge of the work. 


Governmental Responsibility for 
- Delays on Contracts 


A recent decision of the Court of Claims 
on damage caused to government contractors 
by failure of a bureau of the government to 
take prompt action on a question arising 
under an engineering contract lays down prin- 
ciples of such interest that the opinion of the 
court is here abstracted. 

The case was that of John C. Rodgers & 
Company, contractors for the Norfolk dry- 
dock, claiming damages for being stopped for 
some weeks in the prosecution of their work 
in December, 1904, and January, 1905, to 
await ‘a decision of the chief of the Bureau 
of Yards and Docks as to whether he should 
exercise an option reserved to him in the 
contract to omit a pile foundation under the 
dock. 

The case was elaborately argued by Mr. 
George A. King, of King & King, for Rodgers 
& Company and by Mr. Ashford, of the De- 
partment of Justice, for the government. 
The decision of the court, as will be seen, 
holds the government liable for unreasonable 
delay in settling this question. The opinion 
of the court by Judge Howry is in part as 
follows: 

The specifications placed the civil engineer 
in charge of the work with full control and 
direction subject to appeal to his chief; re- 
quired the contractors to commence work im- 
mediately after execution of the contract and 
continue without interruption and complete 
the work within thirty-six calendar months 
from the date of execution of the agreement. 
There was a provision for annulling the agree- 
ment in case of failure to complete on time, 
and liquidated damages at the rate of $50 per 
day were provided for by way of deduction 
for such failure. 

The structure proper and wing walls were 
to be founded on piles, and test piles were 
to be driven to constitute a portion of the 
permanent piles of the dock. Provision was 
made, however, that bearing piles might be 
omitted in order to reduce the cost $70,000, 
but there was no provision in the contract to 
lessen the obligation of the contractors to pro- 
ceed with all necessary work to complete on 
time. 

A few weeks before the contractors began 
driving the piles they were urged to make 
more rapid progress to the end that the dock 
should be completed within the time provided 
for by the agreement. After several confer- 
ences with the chief of the Bureau of Yards 
and Docks by the civil engineer and one 
of the plaintiffs it appeared that the chief of 
the bureau stated that he desired piles driven, 
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and only after 700 had been placed were the 
contractors stopped by orders of the chief of 
the bureau, communicated to them through the 
civil engineer in charge of the work. These 
orders were accompanied with the statement 
from the chief of the bureau that the work 
should be stopped until he should decide the 
question of founding the work upon piles. 

In a conference about the matter on or about 
Dec. 12, 1904, the chief of the bureau stated 
that he would give a decision immediately. 
It was not until Jan. 25, 1905, that the civil 
engineer in charge received a telegram from 
the Bureau of Yards and Docks stating that 
the chief of the bureau had decided to put in 
piles throughout the entire length of the dock. 

The contention of the defendants is that 
there was no such breach of the contract aris- 


Handling Cement in Bulk 


By J. H. Libberton, M.E., Assoc. M. W. S. E., 
Assistant Engineer, Universal Portland 
Cement Company 


Within the last year considerable mention 
has been made of what appears to be a new 
method of shipping Portland cement; that is, 
in bulk. In reality considerable cement was 
transported in this condition as far back as 
1886. Since many of the costs on various con- 
struction works are necessarily similar, due 
to labor conditions, equipment, etc., the prob- 
lem of efficient handling of materials is a 
serious one and worthy of careful considera- 
tion when close estimates are to be made. 

Radical departures from standard methods 
of handling materials must at first meet with 


Using Bulk Cement on Retaining Wall Construction 


ing out of the fact that the chief of the bureau 
delayed the decision as constituted a breach of 
~ the contract. 

The court is of the opinion that it became 
the duty of ‘the defendants to account for a 
part of the delay. The government's agents 
knew the causes which operated upon the 
defendants to delay the work of the contract- 
ors and to so show these causes as to enable 
the court to determine where the fault lay 
and whether the defendants either were or 
were not excusable. That no proof has been 
taken by the defendants shows that they had 
no explanation to offer, but on the contrary 
justifies the inference that the delay was the 
result of inattention. It is reasonably cer- 
tain that but for the interference of the de- 
fendants in stopping the driving of piles the 
work would have proceeded and damage to 
the plaintiffs would have been avoided. 

The court does not wish to be understood 
as creating a precedent in this case for other 
cases of department delays or as establish- 
ing a general rule of universal application. 
Each case of alleged delay must stand upon 
its own merit where contractors complain of 
delays or bad faith of public officers. 

In the view we have taken of the case we are 
of opinion that the natural consequences of 
the stoppage of the work justly entitle plain- 
tiffs to recover for the time disclosed by the 
findings. 


opposition, regardless of merit, for well- 
known psychological reasons. In this case the 
habit of handling cement in packages thor- 
oughly grounded by the custom of nearly half 
a century, must be entirely changed. When 
cement sold for $4 to $6 per barrel, a matter 
of 30 or 40 cents for the container did not 
seem such a large proportionate amount of the 
value of the contents. Nevertheless, when the 
idea of packing in cloth was advanced be- 
cause of the lessened expense the suggestion 
met with instant approval and the result was 
the total abandonment of the. wooden barrel 
as a container for cement. 

Since the general adoption of the cloth 
sack as the standard package for shipping 
cement there have been numerous contenders 
for the paper package. An analysis of this 
situation can lead to only one-conclusion— 
that the cloth sack is an expensive proposi- 
tion. Else why should anyone be willing to 
pay 10 cents per barrel for paper without ex- 
pectation of a return on the investment? 

The figures of one of the leading cement 
companies prove that, extending over a period 
of twelve years, the percentage of sack re- 
turns has been only 85. In other words, 15 
per cent of the sacks, amounting in value to 6 
cents per barrel, has been lost somewhere 
along the line, the sacks serving the number- 
less uses with which most persons are famil- 
iar, such as aprons, tool cases, shoe soles, etc. 


In spite of all that can be done, it seems im- 
possible to prevent many of the various, al- 
most criminal, methods of throwing money 
away. 


A Time Stupy 


With the thought of investigating actual 
work with bulk cement, a time study was 
made of the various operations of a gang, 
using first sacked cement and afterward 
cement in bulk. The work under observation 
was that of the Chicago, Milwaukee & St. 
Paul Railway on its retaining-wall construc- 
tion at Bloomingdale Road and Robey Street, 
Chicago, described in the Engineering Record 
of June 21, page 7oI. 

The accompanying illustration shows plainly 
the arrangement of the mixing equipment 
utilizing a %4-yd. mixer, a vertical hoist and 
an open spout for discharging into the forms. 
The material cars and mixer were run in be- 
tween the wall forms on a single track in the 
following order—cement car, mixer car, 
gravel and sand flat cars. It is plain from 
this layout that a time study will be identical 
whether using sacks or bulk except in loading 
the wheelbarrows with cement, dumping 
cement and emptying cement into the mixer. 

The length of cement haul was 120 ft., and 
the load was two bags or 2 cu. ft. of cement. 
The net time of loading two bags on a wheel- 
barrow was 0.4 minute, while the time of 
filling the barrow with bulk cement was 0.9 
minute, net; but this difference was largely 
offset by the delay occasioned in unloading 
sacks and picking up the empties, which 
brought this figure from 0.4 up to 0.7. 

Since these figures do not take into account 
the lost time or time of transportation from 
the car to the mixer, the comparison of 0.7 
minute for sacks as against 0.9 minute for 
bulk is somewhat misleading. When these 
other items are considered the difference be- 
tween the two practically vanishes, so that the 
labor in handling is nearly identical, without 
figuring, of course, the time of the man at 
the mixer necessary to help unload and untie 
sacks and feed cement to the mixer. Taking 
this man’s time at 42.5 cents an hour [under 
usual conditions a much lower rate is paid 
for such labor] for an eight-hour day the 
extra cost is $3.40, which, when figured 
abainst an output of 125 cu. yd. to the day, 
makes the cost per cubic yard 2.72 cents 
greater because of handling cement in sacks. 
To this we should add the average loss from 
unreturned sacks of 6 cents per barrel, or 7.43 
cents per cubic yard of 1:2%4:5 concrete in 
addition to the cost of counting, tying into 
bundles and shipping the sacks back to the 
mill. On the particular job under observa- 
tion the counting and the bundling are first 
done on the job, but on account of the inac- 
curacy of the workmen the bundles must again 
be checked and inspected before being re- 
turned to the mill, which brings the cost still 
higher, to about I cent per barrel, or 1.24 cents 
per cubic yard of 1:2%4:5 concrete. The basis 
for this assumption is taken from another 
construction job where the entire time of one 
man is utilized in shaking and bundling about 
1600 sacks per eight-hour day, so that this 
figure of I cent per barrel and 1.24 cents per 
cubic yard is a very conservative estimate. 

Totaling these different items: 2.72 cents, 
7.43 cents, 1.24 cents == 11.39 cents. 

Take, for example, the cost data of Messrs. 
Taylor & Thompson, in their book, “Concrete 
Costs,” for a two-bag batch mixer with the 
concrete discharged into the hopper and a 
two-wheeled hand cart at 60 cents per cubic 
yard of concrete, with labor at 20 cents per 
hour. Calculating the labor cost at 42.5 cents 
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per hour brings the cost up to $1.28 per cubic 
yard. With the improved methods of handling 
concrete, however, which the Chicago & Mil- 
waukee Railway is employing, this figure is 
probably high, but for purposes of illustration 
it will be assumed to be correct. This would 
indicate that the saving per cubic yard of 
11.39 cents against $1.28 is nearly 9 per cent 
of the total cost of placing the concrete— 
really an item worth while considering. Take, 
for instance, the construction of the Keokuk 
dam, which required over 650,000 cu. yd. of 
concrete. Assuming that a saving of 11.4 
cents per cubic yard could have been accom- 
plished by the use of bulk cement, the cost of 
this construction could have been reduced 
$74,100. 


Non-PropucTIvE INVESTMENT 


Nothing whatever has been said thus far 
concerning the investment necessary to carry 
through a large job of construction, using 
cement in sacks. Assume a job requiring 600 
bbl. per day with a storage capacity of 1000 
bbl. additional. The sacks represent an in- 
vestment of $640, which, however, must be in- 
creased on account of the impossibility of re- 
turning the sacks immediately and, undoubt- 
edly, on large construction work this figure 
may be doubled or tripled, making the prob- 
able investment well over $1,500. This same 
amount of money, if invested in equipment, 
would be paying dividends rather than eating 
up profits in interest. 

With any movement like the utilization of 
cement in bulk rather than sacks there is 
bound to be a great deal of opposition at first. 
This is gradually being overcome, and the 
time must undoubtedly come when cement in 
bulk will be generally adopted for large con- 
struction work, particularly where central 
mixing plants are installed, thus making the 
handling of the materials most economical. 
There seems to be no good reason why cement 
should not be handled in identically the same 
manner as sand or gravel, and instead of pro- 
viding only two large hoppers, three are 
equally practicable, the third, of course, to 
contain the cement in bulk. 

The feasibility of this method of handling 
cement has impressed manufacturers of con- 
veying machinery, and the suggestion at pres- 
ent is to handle the cement from the car in 
the same manner as grain or coal is manipu- 
lated, by means of a drag with steel rope and 
windlass carrying the cement out of the car 
door and into a hopper leading to a vertical 
elevator. Equipment of this kind could be 
self-contained, portable and adaptable to al- 
most any kind of construction. It has been 
calculated that with such an apparatus one 
man could unload a car of bulk cement in at 
least fifteen to thirty minutes, since the same 
thing is now being accomplished in unloading 
grain from cars in about three to five minutes. 
With this method of handling the unloading 
of cement in bulk would be a very simple and 
economical matter. When once delivered to 
the hopper, there would be no rehandling or 
repiling, which seems to be one of the neces- 
sities in using sacked cement. 


INERTIA OF THE CONTRACTOR 


So far as the writer can determine, the only 
reason. bulk cement has not been more gen- 
erally adopted is the lack of inclination on the 
part of the large contractors to investigate the 
matter thoroughly, many preferring to draw 
their conclusions without having seen any of 
the work in progress or without being willing 

‘to give the proposition the trial which it un- 
doubtedly deserves. Those not acquainted 
with cement in bulk contend that conditions 


in the car are unbearable and that the work- 
men will sink in the cement up to their knees 
while unloading the wheelbarrows. This, 
however, is not true, since in transportation 
the continual jarring thoroughly packs the 
cement so that it is possible to walk around 
on the surface without sinking in more than 
Y% to % in. The writer has seen several 
cement storehouses on construction work in 
which the cement from torn sacks was distrib- 
uted over the floor in a layer 5 or 6 in. deep 
and kept fluffy by the workmen carrying 
cement to the mixer without stopping to clean 
up the floor, and this without any complaint 
whatever from the laborers. 

In proportioning the concrete for large 
work the same methods would be employed 
as for sand or gravel, using merely a meas- 
uring box filled from a chute leading to the 
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cement bin. On work of smaller proportions 
it is possible to load the cement direct into 
the wheelbarrow, limiting the size of the load 
to 2 cu. ft., which can easily be measured ac- 
curately in the average 3-ft. wheelbarrow by 
striking off level. The contention that by 
this method inaccurate proportioning is liable 
to occur because of the inability to count the 
number of sacks used has no foundation what- 
ever, beeause it is just as easy to count wheel- 
barrows as cement sacks. 

After a thorough investigation of this sub- 
ject the problem resolves itself merely into 
whether or not the contractor will give this 
matter the thorough investigation which he 
would any other proposed labor-saving device. 
Undoubtedly the day will come when bulk 
cement will generally be recognized, and until 
that time it would seem that the first to take 
advantage of this proposition will be the 
greatest gainers, because at the present time 
there is a decided saving with even primitive 
equipment. When the time arrives that bulk 
cement is recognized and provided for the 
contractor who is familiar with the handling 
of this material will still have the advantage 
of longer experience. 


Tue CotumBus SEWAGE Works, comprising 
settling tanks and sprinkling filters, will be 
remodeled if the recommendations of Mr. C. B. 
Hoover, chemist in charge, are carried out as 
outlined in the report of the Division of Sew- 
age Disposal for 1912. Mr. Hoover advocates 
that the settling tanks be converted into the 
two-story type to reduce nozzle clogging trou- 
bles and to make possible better sludge dis- 
posal methods. 


No Cessation in Construction of the 
Calumet-Sag Channel 


Despite the pending suit to determine the 
amount of water that may be diverted from 
Lake Michigan by the Sanitary District of 
Chicago, work on the Calumet-Sag Channel is 
progressing at a rapid rate. More than $2,- 
000,000 has been expended, ten out of seven- 
teen contracts for sections covering one-half 
of this $12,000,000 ditch, which is to reverse 
the flow of the Little Calumet River, as the 
Chicago River has been reversed, have been 
let and work on them is under way. In fact, 
several miles of ditch are completed. The 
local press and various objectors have repeat- 
edly brought up the query as to why this work 
has gone ahead before it is known how much 
water can be taken, and also in the face of the 
recent adverse decision of the Secretary of 
War in permitting only 4167 sec.-ft. of water 
to be used, while the main channel has already 
a capacity of 14,000 sec.-ft. The Calumet-Sag 
Channel is designed to carry 2000 sec.-ft. by 
gravity from a point in Blue Island 15 miles 
to the main channel. An intercepting sewer is 
to be constructed, beginning next summer, 
paralleling the Calumet River from Lake Mich- 
igan to Blue Island, at which point pumps will 
raise the sewage into the reversed flow of the 
river. This district, with its contributory 
population of 300,000 people, has been paying 
sanitary-district taxes for many years and 
enjoying the unsavory reputation of a typhoid- 
infected locality. The death rate in the Calu- 
met région of Indiana is from two to five 
times that of Chicago proper, where no sewage 
is allowed to enter the lake. Just across the 
state line in the Calumet region of Illinois the 
former typhoid rate approximated that in In- 
diana, but for the last year it has been kept 
down by the use of bleach. The North Shore 
channel has been constructed to carry 1000 
sec.-ft. of water to dilute the sewage from the 
north side. It will shortly serve the purpose 
for which it was constructed when the inter- 
cepting sewers through Evanston and other 
north shore towns are completed. Actual work 
on these sewers will proceed in a short time. 
It is, therefore, but following out the program 
laid out years ago by the early engineers of the 
district to construct the Sag Channel and re- 
move the sewage contamination from the water 
intakes extended into the lake opposite the 
southern end of the city. 

When the suit, referred to above, was insti- 
tuted it included adjudication of the right to 
divert water through the Calumet only. This 
spring it was amended to include the entire 
diversion. It will require several months to 
complete taking the testimony. Should the de- 
cision be unfavorable to Chicago, an appeal 
will probably be made to the Supreme Court, 
so that a final decision is unlikely within two 
or three years. In the meantime the interest 
on the bonds must be paid and the people con- 
tinue to drink infected water. It is stated that 
the legal situation is not different from the one 
that existed when the work on the Sag Channel 
was started three years ago. The Secretary 
of War has granted a permit to build the chan- 
nel, reverse the flow and cause the water to 
flow through the channel from Lake Michigan. 
There is water enough in the Calumet, accord- 
ing to the officials, for dilution purposes for 
some time to come without taking any from 
Lake Michigan—that is, in the dry season and 
at flood periods there is an abundance. A por- 
tion of the water entering the Chicago River 
under the present permit may then easily be 
apportioned to the Sag Channel in case no 
further diversion is allowed. By an estimated 
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expenditure of less than a million dollars con- 
trolling works can be constructed to regulate 
the outflow from the Great Lakes at suitable 
locations. Such a sum seems_ insignificant 
compared with the $75,000,000 total outlay by 
the city and the sanitary district, which has re- 
sulted in reducing the typhoid rate from 180 
to 8 It is not the policy of the trustees to 


abandon work on the Sag Channel but to push 
the work to completion at as early a date as 
possible, 

An additional sidelight on the matter is fur- 
nished by the passage of a law by the Illinois 
legislature providing for the diversion of 3 1/3 
sec-ft. per 1000 persons, a total with the pres- 
ent population of 7500 sec.-ft. 


Transportation and City Planning 


Abstract of Paper by Milo R. Maltbie, Read before 
the City-Planning Conference in Chicago, May 6 


Transportation and transit facilities are of 
the greatest importance in solving the problems 
of housing and congested living conditions in 
the larger cities. With ample low-fare, rapid- 
transit lines between the suburban districts and 
the business and manufacturing sections of the 
city the tenement house can quite often be 
supplanted by the two-family house or the 
cottage. Without the necessary transporta- 
tion facilities congestion in cities is sure to 
occur. As evidence of the awakening of 
American municipalities to this fact may be 
taken the lively interest shown in the discus- 
sions of a paper on transportation and city 
planning by Mr. Milo R. Maltbie, member of 
the Public Service Commission, New York 
City, at the city-planning conference in Chi- 
cago on May 6. 

There is no one factor, with the possible ex- 
ception of topography, in Mr. Maltbie’s opin- 
ion, which has a greater influence, not only 
upon the direction of city development but 
upon the character of the city from every 
standpoint, than transportation. The city 
which has the cheapest, most rapid and most 
convenient transportation facilities, other 
things being equal, has the most productive and 
healthful citizenship. It is not so much a 
question of distance as of time and conven- 
ience. As the area which may be reached 
varies with the square of the radius, if it is 
possible to go twice as far from the center in 
one city as in another during the same length 
of time, the available area is four times 
greater in the first instance than in the second. 
With the same population the density of the 
area inhabited need be only one-fourth in the 
first place of what it is in the second, and sin- 
gle houses, two stories in height, will house 
the same population that in the second case 
would necessarily-be housed in tenements in 
solidly built rows from four to six stories high. 


VALUE OF STRAIGHT STREETS 


There is a marked tendency among city plan- 
ner sto use curved streets. Cheap rapid tran- 
sit would be practically impossible in a city. 
wholly composed of curved streets or streets 
which change their direction frequently. The 
cost of construction would be large, operating 
expenses would be increased, and cost of main- 
tenance and repairs would be heavy. Curves 
reduce speed and reduced speed means in- 
creased time in transit. An increase in time 
means a reduction in the area which can be 
served, which in turn is the cause of congestion. 


But it is not necessary that the entire city be 


checker-boarded. In residential areas between 
main lines of traffic there is ample room for ex- 
ercise of ingenuity in geometrical combinations 
which may be beautiful and attractive, but 
these areas ought not to be placed where they 
will interfere with the extension of through 
transportation lines. 

The close relation between the various fac- 
tors in city planning can be seen in another 
direction. Prompted in a large measure by 


considerations of health, foreign cities have 
generally recognized the principle that the 
height of buildings must have some relation to 
the width of streets, but the relation between 
transportation and height of buildings has 
been little considered. It is obvious, however, 
that as buildings increase in height the de- 
mand for transportation increases. In the 
lower part of Manhattan the street plan is 
practically the same as it has been for gener- 
ations. All of the available streets will soon 
be occupied by rapid-transit lines, and unless 
additional streets are cut through it will be 
necessary to limit the height of buildings. 
Provision must also be made for the trans- 
portation of materials, and even now it is 
apparent that if they are to be handled econ- 
omically some other means than their distribu- 
tion by truck or drays from distant freight ter- 
minals must be made. If freight subways are 
to be built, they must be located below the 
passenger subways, with all the attendant in- 
conveniences. 

The correlation of the various facilities for 
transportation of passengers is probably the 
most important, and perhaps the most difficult, 
phase of the problem. Terminals should be 
eliminated as far as possible. They are costly 
to acquire, expensive to maintain and increase 
rather than decrease congestion. So far as 
possible thé lines should be operated direct 
through the city. 

It is almost impossible to utilize the same 
set of tracks for interurban, suburban and 
purely urban business, though the first two 
classes may often be combined. No railroad 
should be relieved of its obligation to con- 
contribute to urban transportation merely be- 
cause it finds the suburban and interurban 
business more profitable and more easily con- 
ducted. It is essential that the interurban and 
suburban lines be so located that they shall 
have a relation to the purely urban. facilities. 
It is practically impossible for trunk lines to 
provide for the complete distribution of pas- 
sengers. For this general distribution other 
means of transportation must be provided, and 
in order that all facilities may successfully 
perform their functions there must be a corre- 
lation and unification of some sort. 


Success oF SUBWAYS 


The question of cost is a factor which must 
not be overlooked. The success of subways in 
a few cities has given rise to the idea that 
every city should have subways and that all 
will be profitable. This is a mistaken notion, 
and the experience of London shows that there 
is no particular financial virtue in an under- 
ground railroad and that unless it is properly 
located and made a co-ordinate part of a com- 
prehensive system it is likely to have limited 
success. Subways are expensive to construct, 
and the large cost of construction means large 
fixed charges. In order to offset this burden 
there must be dense traffic or many persons 
riding short distances. Dense traffic, however, 


means congestion of population. Areas given 
over to private houses, each with its own grass 
plot and garden, cannot furnish a sufficient 
population to support a subway unless the ride 
is very short and the rate of fare high. The 
area naturally tributary to a subway or any 
line is also limited in extent, for experience 
has shown that persons will not ordinarily 
walk more than ten minutes to reach a point 
where they can board a transportation line. 
Unless the city is to enter a new field of activ- 
ity, therefore, or in some manner prevent the 
inflation of land values, or defray part of the 
cost of subways, it is impossible for cities to 
have subways unless at the same time they are 
content to have congestion, The city which 
desires to avoid density of population and to 
further the garden-city idea must resort to 
other means of transportation or solve the 
financial problem, 

No matter how the cost of rapid-transit lines 
be paid, their construction results in increased 
land values, and if the city were to build lines 
by taxation so that there would be no fixed 
charges to be paid and fares reduced accord- 
ingly the increase in the land values would be 
still greater and the land owner would ulti- 
mately reap the gain which comes from im: 
proved transportation facilities. Unless there 
is some restraining influence, this increase in 
land values would be followed by the erection 
of tenement houses, and consequently con- 
gestion. But the increase in land values is not 
the original cause of congestion, it is rather 
the effect of congestion. The land values 
would not increase if it were not possible to 
secure a return upon such increased value. If 
the possibility of a large return were elimi- 
nated the values would not increase. 

However, the cost of rapid-transit lines does 
have an important bearing, for the smaller the 
construction cost, the greater the number of 
lines that can be built, and if many lines are 
constructed and many areas are opened to de- 
velopment the competition between these areas 
would tend to keep prices down. Conse- 
quently, more attention should be given to re- 
ducing the cost of rapid-transit lines. 


TRANSPORTATION OF FREIGHT 


The transportation of freight is not less 
important than passenger transportation, The 
cost of living, so far as it is affected by the 
cost of food products, is to a considerable ex- 
tent a problem of transportation. What is 
true of food products is true of all material. If 
the means of transporting raw materials to the 
factory and manufactured goods from the fac- 
tory to a consumer are inadequate, expensive 
and slow, the cost of the product will naturally 
reflect these conditions. It is essential, there- 
fore, that in every plan of city development 
provision should be made for a prompt and 
cheap method of distribution. Thus far the 
railroads and steamship companies have as- 
sumed that their function ended with the pro- 
vision of terminal facilities somewhere within 
the boundaries of the city. Doubtless this is 
fairly satisfactory in a small city where the 
terminals are not far from any part of the city, 
but in metropolitan centers such a plan is quite 
unsatisfactory. Food products must go to 
every home, and consequently the facilities for 
their distribution must reach every part of the 
city. In this connection the country trolley 
and the city street-car line have not been fully 
utilized. During the night time and early 
morning hours these lines are practically un- 
used. The cost of operating cars at these 
times would entail practically no fixed charge 
and the operating expenses would be small. 
If the country trolley roads should establish 
collection points at short intervals, and if the 
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products could be brought into the very heart 
of the city and distributed in the early morn- 
ing hours, a very valuable and useful service 
would be performed. The street-car system 
could also be used for the distribution of 
freight to railroad centers, and thus connec- 
tions established to the more remote districts 
tributary to every large city. Even the rapid 
transit lines might be utilized if found neces- 
sary during the night hours. From midnight 
till morning nearly every transportation sys- 
tem is either out of use or very little used, and 
yet during that time an immense amount of 
property could be transported quickly and 
easily without interference with the passenger 
traffic. 

In the very largest cities this or some spe- 
cial plan will probably be necessary within the 
near future. The situation has almost reached 
this stage in New York City, and propositions 
have already been made for the construction 
of subways and elevated lines for the distribu- 
tion of freight. It is proposed to break up car- 
load lots at some point, such as the Jersey 
Meadows, northern Manhattan or the Bronx, 
and to run small cars into the congested por- 
tions of Manhattan, extending the system as 
necessary. 


MunicieaL ContTrRoL 


As long as the various transportation facil- 
ities are in the hands of private individuals 
controlled by different corporations it is obvi- 
ous that they cannot be brought into correla- 


Alameda Avenue Subway in Denver 


Construction and Unit Costs of Undercrossing Built Conjointly 
by the City, the Street Railway Company and the Railroads 


The Alameda Avenue open-cut subway, 1256 
ft. long, with gravity retaining walls 61% 
ft. apart, completed in 1912, passes under 
eleven railroad tracks entering Denver, Col., 
from the south at a point where the roads 
are closest together. Elimination of grade 
crossings for traffic to the north side of the 
city has been accomplished by viaducts over 
the tracks, but at Alameda Avenue topography 
indicated that a subway was more feasible. 

The north side of the subway is given over 
to a roadway and the remainder to two tracks 
for the tramway company, spaced 11 ft. apart, 
center to center. A gaspipe railing divides 
the roadway from the tracks, and the bridge 
columns are on the same line—that is, 4 ft. 
south of the center. The roadway is paved 
with 6-in. Lyons sandstone paving blocks 
bedded in a 2-in. sand cushion laid on a 6-in. 
concrete base. Curbs consist of 5 x I5-in. 
blocks of sandstone. Next to the north wall a 
4-in. concrete sidewalk is laid on 3 in. of sand 
and gravel. 

The combined gravity-retaining wall and 
abutment section is shown in one of the draw- 
ings, in which may be noted the extended re- 
inforced toe under the subway for the pur- 
pose of equalizing practically the bearing 
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tervals consist of painting the end of one 
section with a mixture of tar, cement and 
coal oil to prevent adhesion. Five 1¥4-in. 
shear bars 3 ft. long were inserted in each 
section and fitted into steel sleeves extending 
18 in. into the adjacent section. 


BriIpDGES AND WATERPROOFING 


The railroad tracks cross the subway at an 
angle of 67 deg. The Santa Fé has six deck- 
type bridges for as many yard tracks, while 
the Denver & Rio Grande has three bridges 
of a similar type, two of which are for main 
line tracks. Two through-girder bridges sup- 


port the main line tracks of the Colorado & 


Southern. Railway Company. The 444 tons 
of steel were furnished by the Milwaukee 
Bridge Company and the American Bridge 
Company. 

Single pedestals, with bases 8 ft. 4 in. 
square, support the center columns under the 
Colorado & Southern bridge. For the bridges 
of the other two railroads a continuous foot- 
ing, 7 ft. 9 in. wide and 4 ft. thick, is rein- 
forced by a row of five 60-lb. rails in the top 
and another row of five rails in the bottom. 

As traffic had to be retained on all of the 
roads during construction, temporary wood 


Profile of the Alameda Avenue Subway, Showing the Relative Location of Those Railroads 


tion and each made to serve the public in a 
proper way without a superior force. Each 
ought not to be permitted to carry out its 
own wishes regardless of its relation to other 
facilities. It is absurd, in Mr. Maltbie’s opin- 
ion, for a company to locate a terminal re- 
moved from other transportation facilities and 
insist that the city provide means for distribut- 
ing the traffic which it brings to this incon- 
venient point. What is proper and adequate 
in one generation is often inadequate and ill- 
suited to the demands of the succeeding gen- 
eration. Consequently, there must be public 
control over the first location or first scheme of 
development and over subsequent extensions 
in order that the varied interests may be con- 
tinually kept in harmony and the ever-chang- 
ing needs met by changes in transportation fa- 
cilities. The city should always be in a posi- 
tion where it can dominate the situaton. 


THe CHANNEL Piers of the Hawthorne 
Avenue lift bridge, Portland, Ore., are pairs 
of concrete cylinders connected at the top by 
reinforced-concrete vertical diaphragms trans- 
verse to the bridge axis. They support tall 
steel towers carrying the counterweights and 
ropes for operating the lift span. The vertical 
tower columns are in the planes of the bridge 
trusses, but are braced by inclined posts in 
vertical planes transverse to the bridge axis. 
The lower ends of these braces are supported 
on long reinforced cantilever extensions or 
solid web brackets projecting from the up and 
down stream sides of the pier cylinders. This 
construction simplifies the structural  steel- 
work, without increasing the volume of sub- 
merged substructure, and requires a minimum 
of reinforced concrete. Messrs. Waddell & 
Harrington, of Kansas City, were the design- 
ing engineers. 


pressure. The supporting material was stiff 
yellow clay, and experiments indicated that 
uneven pressures would likely cause a move- 
ment. Of the material excavated the first 
5 ft. were sand and loam, under which a 
coarse gravel was found. Owing to the high 
water table the continuous concrete footings 
were placed under water, as it was found im- 
possible to keep the trenches dry without re- 
moving some of the cement. After a 6-in. 
layer of concrete was deposited the steel re- 
inforcing was laid on top of it. 

Expansion joints in the walls at 30-ft. in- 
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Stresses in Retaining Wall Section 


trestles carried the tracks of the Colorado & 
Southern to the cut, which was spanned by 
steel through girders until the new abutments 
were in place, while in the case of the Rio 
Grande a détour was used. 

On top of the floorbeams creosoted timbers 
8 in. square were bolted to the top flanges with 
hook bolts, the nuts of which were counter- 
sunk. Waterproofing was laid on top of this 
floor, first filling with asphalt all cracks and 
countersunk spaces. A three-ply layer of bur- 
lap mopped with liquid asphalt was then put 
on. On this was placed a layer of tar paper 
also mopped with asphalt. Over this, for pro- 
tection from cutting by ballast and ties, was 
laid 14%4 in. of Sarco mastic made of asphalt, 
flux and torpedo gravel, spread hot in two 
layers. The material was compacted while 
still hot with wooden floats. After cooling 
fine sand was sprinkled over the surface. At 
the ends of abutting ties, and also at the outer 
ends, the waterproofing was raised on 4-in. 
strips to drain the water toward the center 
of the tracks. 


EXCAVATION AND CONCRETE 


Beginning at the west end, where the natural 
elevation is about the same as that of the 
subway, a 35-ton 114-yd. dipper steam shovel, 
loading 14%4-yd. Western dump cars, was used, 
the cars being hauled to spoil banks south 
of the west end by teams. Reaching the 
first set of tracks, work with the shovel was de- 
layed until a wooden trestle could be built and 
tracks placed on it. A similar delay occurred 
at the second set of tracks, but here a détour 
was installed until the abutments were com. 
plete. After reaching the last set of tracks 
the remainder of the work was finished with 
teams. 

Ground water was encountered several feet 
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higher than expected over a bed of clay, in 
which practically all of the foundations were 
excavated. A drainage system of 18-in. pipe 
laid in the center was carried along behind the 
shovel. At intervals of t00 ft. branches of 
10-in. pipe lead to the sides and connect with 
6-in. lines paralleling the walls and receiving 
drainage from 4-in. weepers spaced 30 ft. 
apart. 

Most of the concrete was mixed in the 
center of the cut and then hoisted by a tower, 
from which it was discharged directly into 
the wall forms. Pit-run gravel, obtained 
from the excavation, was used without screen- 
ing, making a 1:3:5 mixture. Much of the con- 
crete was deposited in freezing weather, pro- 
tecaion being obtained by heating the water 
and placing steam coils in the well-covered 
forms. With fifteen men 90 cu. yd. were 
placed in a nine-hour day. The Hinchman- 
Renton Fireproofing Company, of Denver, had 
the contract for the concrete work, but the 
engineers furnished all material except form 
lumber. 

Unir Costs 


The Santa Fé bridge is 74 ft. 10 in. long 
and has six tracks 14 ft. II in. apart. In it were 
222.48 tons of steel, 56,267 ft..of creosoted yel- 
low pine and 6740 sq. ft. of waterproofing. For 
the three-track bridge of the Rio Grande, 75% 
ft. long, with tracks spaced on 13 ft. 3-in. 
centers, there were 131.74 tons of steel, 25,642 


Excavating the Cut, as Seen from the Center of the Subway 


per cent; labor on dump, 29 per cent; teams 
22 per cent; repairs to shovel, 3 per cent; fuel, 
12 per cent; and rent on shovel, 19 per cent. 
The 19,647 bbl. of cement cost $1.438 for 
cement and $0.089 for handling. Walls and 
pedestals cost $42.58 per lineal foot of wall 
and a total of $5.914 per cubic yard of con- 
crete. The latter was distributed to cement, 
$1.618; handling aggregate, 12.6 cents; placing 
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ft. of creosoted yellow pine and 3130 sq. ft. 
of waterproofing. The Colorado & Southern 
bridge has two tracks, 15 ft. 3 in. center tu 
center, and required 89.97 tons of steel, 18,896 
ft. of creosoted yellow pine and 2293 sq.ft. of 
waterproofing. The total quantities—444.19 
tons of steel, 110,805 ft. of creosoted timber, 
12,163 sq. ft. of floor and 826 lin. ft. of single- 
track—and their cost are itemized in Table 1. 


Taste I—Unit Costs or RAILROAD BRIDGES 


Cost per Cost per Cost per Cost per 
ton of 1000 ft. ft. of sin- sq. ft. 
steel of lumber gle track of floor 


Steel— 
Winloading i scene 5 tie $0.616 $0.331 $0.022 
Erecting and riveting 6.339 3.408 0.231 
Material ... «+ 63.063 33.886 2.302 
PANNE crevices 1-531 0.823 0.056 
Lumber— 
EI OOKDONNS retatis cis aise Aeris sie 0.540 0.037 
RAW ALE pe na. mrletiieeis” Uae ayes 0.286 0.019 
LAPIS OER een Cian em ee 6.220 0.423 
PAD OE te Ware cath averse eles 1.362 0.093 
rb MATOS ism origin! Gal eS alo Dy ecebie’e 0.181 0.012 
_ Waterproofing— 
PREG Me iccotes es Sietan lel" im 2.926 0.119 
DG DORPRaraaacee cesarean, Oorra'ic ci 0.832 0.056 
BNR TLS Meats 8 ONT OLA COCCHI $50.795 $3,450 


The grading cost nearly $36,000, or $28.13 
per foot of subway. It was distributed to 
18,500 yd. of backfill, at 42.4 cents per yard; 
41,690 yd. of team excavation, at 40.6 cents per 
yard, and 40,000 yd. of steam shovel excava- 
tion, at 27.9 cents yer yard. The steam shovel 
costs were apportioned as follows: crew, 15 


concrete, $3.31, and excavation 85.6 cents per 
cubic yard. 

Handrailing of three 2-in. pipes on the 
bridges cost $1.13 per foot. In the subway a 
two-pipe railing of 2-in. and 1¥% in. pipes cost 
97 cents per foot. A similar 2-in. pipe railing 
on top of the walls between tracks cost 80 cents 
per foot. 


Roadway costs were $11.045 per foot, appor- 
tioned to red sandstone pavement, $2.82 per 
square yard; red sandstone curb, 94 cents per 
I:neal foot; and 24-in. brick gutter, 57.1 cents 
per lineal foot. The 6-ft. sidewalk cost 59.1 
cents per lineal foot, the cement costing 2.7 
cents; concerete, 6 cents; and the cushion, I 
cent per square ft. 

Based on the following table an item, “Field 
Expense,” including the time of men paid by 
the month while the force was not working on 
account of storms and delays, also time of 


TaBLeE 2.—APpPorRTIONMENT oF TotTaL Cost 


Per Cent 

of Net Cost 
Maintenance of railway traffic............-..:.. 2.56 
(COASEINV AG Oo Hie epee Cg es SOLA ea 17.10 
Vali seri pedestais cea tiaterd «is: cie ais-+dreis Oye aieenrals wo 48.48 
PRINT OM rehome Sone akieiy leis oacd7s @ ayidvetieitete arora > oca 20.00 
UAC a RSAI MBM Tere NeValche cVewata tere avai. ese: >, =i-e 8-Stiesuueioreherle-oee ye", « 6.60 
Side meas tents a cnirieare ate ieialn ais siege ds dootcphaln oe ¥ sem « 0.34 
SS IME ry EVEN ira atuteer & cue, ahr cls, ated ctavestpereere ein a viele 0.88 
EMEP Orage OT AUAC CE ac apie cuits sielei> » sfbaloc aleicice ebaik « 2.54 
ELA ARMM Teme raeiens © eitls Netiasererceis hiss ce 0 1.50 
10040 


watchman and incidental expenses not capable 
of distribution to specific items of cost, is 6.4 
per cent of the net cost. Engineering was 5.06 
per cent of the net cost plus field expense. It 
included plans, supervision, insurance, field in- 
strument work and inspection. 

In apportioning the cost the city and the 
tramway company each paid a third, while the 
remainder was shared equally by the three rail- 
roads. To carry out the work these five cor- 
porations selected a board of engineers, made 
up of Messrs. J. B. Hunter, city engineer, 


Work in Progress, the Concrete Chute Shown on the Left 
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chairman; John Evans, chief engineer, Den- 
ver City Tramway Company, and H. W. 
Cowen, chief engineer, Colorado & Southern 
Railway Company. Messrs. Crocker & Ketchum 
were retained as consu:ting engineers and had 
direct charge of design and construction. The 
excavation and steel*erection were done by 
force account. Mr. V:.A; Kaufman was the 
resident engineer. ; 


Reinforcing the Manistee River 
Viaduct 


The 496-ton single-track, iron plate-girder 
viaduct of the Chicago & West Michigan Rail- 
way Company across the Manistee River, 
Michigan, was built in 1880 by the Detroit 
Bridge & Iron Company and was proportioned 
for a load approximately equal to Cooper’s 
E-25. The traffic and loading gradually in- 
creased until in 1911 the Pere Marquette Rail- 
road Company, which had acquired the struc- 
ture, decided to increase the loading to Coop- 
er’s E-50, which required the strengthening or 
replacement of the old structure. As the via- 
duct had been well maintained and. was in ex- 
cellent condition it was found much more 
economical to reinforce it, which was accord- 
ingly done during the winter of 1911-12 by the 
Wisconsin Bridge & Iron Company in accord- 
ance with the general design originated by 
Mr. W. T. Curtis, contracting engineer for the 
bridge company, and described in a paper pre- 
sented by him before the Western Society of 
Engineers. 


ALTERNATIVE METHODS 


The viaduct is 1170 ft. long and 75 ft. high 
and consists chiefly of one pin-connected 150- 
ft. river span and 30-ft. tower spans alternat- 
ing with 45-ft. connecting spans. The trusses 
in the river span were about 18% ft. deep on 
centers and with the girders of the adjacent 
five short spans were 14 ft. apart on centers. 
In the other spans the girders, all of them 
3% ft. deep, were spaced 8 ft. apart on cen- 
ters. Each of the thirteen towers had four 
battered columns braced on all faces by hori- 
zontal struts and diagonal rods. The main 
girders were seated directly on the column 
caps. 

Several methods of reinforcement were 
submitted and compared. One of them pro- 
posed a new full-length center line of plate 
girders supported on new vertical posts. This 
plan was discarded on account of the greater 
cost and the uncertainty of distribution of 
loads on the three lines of girders, the rotting 
of ties threatening unequal bearings on the 
ceriter and side girders. The interference 
with traffic by the erection of the new work 
would also have been a disadvantage. 

Other plans proposed the construction of 
new tower posts and new girders parallel to 
the existing ones, thus virtually involving the 
construction of a second light viaduct com- 
bined with the first, a scheme which was re- 
jected on account of the prohibitive cost and 
the unsightly appearance. 


THe Pitan ApopTEep 


The plan as adopted was believed to be 
original for this work and consisted essentially 
of introducing a new center line of girders 
and truss in the river and end spans and sup- 
porting them on vertical posts, while in the 
remainder of the structure the old longitudinal 
plate girders were trussed and received addi- 
tional support by pairs of new battered posts 
in each tower bent. Additional wind bracing 
was provided, new piers were built for the 
new tower posts, great care was taken to 


adjust the distribution of the loads between 
the old and new structures, and the work was 
successfully executed with minimum disturb- 
ance ‘of the old structure. This system of 
reinforcement virtually reduced the height of 
the towers about 12 ft., adding materially to 
the stiffness of the structure and preserving 
over most of the viaduct the two-point bear- 
ings of the track ties: “7. 


GIRDER SPANS AND TOWERS: 


The essential feature of the rei 
was the conversion of the old girdef 
lattice girder trusses about 12 ft. deep by a 
system of triangular bracing in the planes of 
the battered posts of the towers, connecting 
the bottom flanges of the old girders to new 
horizontal bottom chords with trough-shape 
cross-sections made of pairs of 6 x 344 x &%- 
in. angles connected by tie plates. The 
diagonal members have I-shape cross-sections 
made of two pairs of angles riveted between 
pairs of connection plates engaging the outer 
faces of the vertical flanges of the bottom 
chord angles and riveted through horizontal 
connection angles to the bottom flanges of the 
old girders. At the panel points of the new 
trusses the girders were reinforced by new 
vertical web. stiffener angles to which new 
vertical transverse frames were connected. 
The ends of the bottom chords of these 
trusses are seated on the tops of battered posts 
forming a V in each tower bent, with founda- 
tions of piles driven both sides of the old 
bent. The new posts were braced together and 
were riveted to the old tower members wher- 
ever convenient. The bearings on the new 
piers were made- with special double wedge 
shape pedestal bases adjusted by screw rods. 
The sliding surfaces were lubricated with 
“Velvet No. 2” and provide a vertical adjust- 
ment of % in. for a horizontal movement of 
3 in., enabling the bridge inspector with an 
ordinary large wrench to make an adjustment 
compensating for any inequality of bearing. 

The new battered posts are made of pairs of 
12-in. channels on opposite faces of the old 
posts. They were shipped separately with the 
lattice bars shop-riveted to one channel and 
very carefully located to prevent interference 
with the old members of the viaduct. Care 
was taken to avoid removing the pins through 
the old wind brace rods in the tower framing, 
but it was sometimes necessary for the connec- 
tion of the new bracing. The diagonal rods in 
the sway bracing in the planes of the inclined 
end posts of the new trusses were connected to 
the latter through cast-steel brackets, with 
their ends secured by bolts to prevent the de- 
velopment of undue tension in rivet heads. 


RIvEr SPANsS 


The river span was reinforced by the addi- 
tion of a third deck truss slightly deeper than 
the old one in the axis of the viaduct. ‘he 
center panels of both top and bottom ciords 
are horizontal, the former just clearing the 
old top lateral system, which was not disturbed. 
The end panels of both chords are inclined 
and intersect at the end pins, which are con- 
nected to swinging links suspended from the 
tops of new vertical posts, which carry the 
track loads to new piers and provide for tem- 
perature movement. 

The new top chord is lower than the old tcp 
chords and a continuous longitudinal I-beam 
placed on it supports the center points of the 
track ties which were shimmed up to bearing. 
The I-beam webs were cut through to give 
clearance for the old lateral diagonals, which 
were taken out one at a time and restored. 
After the truss was erected a new top lateral 
system connected to the new top chords was 


installed to supplement the old one. On ac- 
count of the difference in the depths znd 
weights of the old and new trusses a slight 
difference in deflection was developed, which 
was provided for by placing heavy diagonal 
members in the transverse planes between the 
old and new trusses and thus connecting them 
together so as to distribute the loads from one 
truss to the other and make them all work 
approximately uniformly. 

The erection was handled first by a derrick 
car and afterward by a locomotive crane. The 
new columns for the river span were erected 
and the top chord was assembled, suspended 
from the old structure by steamboat ratchets 
and connected through its permanent links to 
the posts: Single wooden posts were then 
erected at the ends of the span and the re- 
mainder of the truss was assembled to the top 
chord and connected and adjusted by twenty- 
four turnbuckles. 


ERECTION 


Allowance was made both in design and 
construction for possible irregularities in the 
old work and on this account a large number 
of holes were field-drilled that otherwise might 
have been made in the shop. Numerous field 
shims were. provided to insure bearing adjust- 
ment and the old structure was defaced very 
little except by drilling about seven thousand 
new rivet holes. About two thousand old 
three-quarter rivets were cut out and their 
holes reamed to 15/16 in., and nearly twenty- 
nine thousand rive‘s were driven. Excepting 
the lateral and transverse braces, which were 
riveted, the field connections of the old struc- 
ture were bolted, a fact which greatly facili- 
tated the repairing. The careful preparation 
made for this work is indicated by the fact 
that thirty-five sheets of detailed drawings 
were prepared at a direct cost of $950 for 
draftsmen’s wages. The new steel weighed 
465 tons and cost $22,400, exclusive of $11,300 
for the erection. The new foundations cost 
$10,200, making a total of $42,900, which was 
believed to be about one-half of the cost of a 
completely new structure. 


PERSONNEL 


The work was executed in accordance with 
the requirements of the chief engineer of the 
railroad, Mr. J. F. Deimling. The detail draw- 
ings and erection were in direct charge of Mr. 
C. M. Pearson, assistant engineer, and Mr. F. 
A. Ross, engineer of erection for the Wiscon- 
sin Bridge & Iron Company. 


A Serious Pire Break occurred in the 30- 
in. steel lock-bar force main at the crossing 
under the International Railway Company’s 
tracks in Lockport, N. Y., on May 13. Work- 
men for the railway company were excavat- 
ing holes for trolley poles, and the rupture in 
the pipe, according to information received 
from City Engineer Julius F. Frehsee, was the 
result of a concussion caused by blasting the 
rock close to the pipe line. The rent in the 
pipe was about 5 ft. long and the sheets of 
steel were forced inward about 11 in. The 
lock-bar was broken completely in two in 
several places. The center of the rupture was 
located 5 ft. east of a butt strap. The blast 
caused the steel sheets in this 30-ft. section of 
pipe to separate, or pull out of the lock-bar 
practically the entire length of the pipe. It 
was necessary to remove two 30-ft. sections 
of lock-bar pipe which were replaced by five 
12-ft. lengths of 30-in. cast-iron pipe. The 
repair work was finished May 16 at 6 p.m., the 
city having been-without a water supply for 
a period of 78 hours. 
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A Low-Cost Drawbridge 


The highway drawspan across the St. 
Joseph River at St. Maries, Idaho, although 
of moderate dimensions and ordinary con- 
struction, is interesting as an illustration of 
a simple, remarkably light structure, designed 
to meet the present necessities of a situation 
where a much more elaborate and expensive 
structure of the same dimensions would often 
be provided. It is remarkable in that it is 
located at an altitude of 2142 ft. above sea 
level, spanning a river said to be the highest 
navigable stream in the world. At this point 
the depth of the river varies from 40 to 60 
ft. and the stream is navigated, except dur- 
ing two or three winter months, by a line of 
steamboats running regularly between St. 
Maries and Cceur d’Alene City, a distance 
of 40 miles, in which the fall of the river- 
bed is only 20 in. 


SUPERSTRUCTURE 


The steel superstructure, which is 228 ft. 
long, carries one 16-ft. roadway and gives 
two channel openings 100 ft. wide in the 
clear between the pile foundations. There 
are two full-length continuous riveted steel 
trusses 33 ft. deep and 17 ft. apart on cen- 
ters, with top and bottom chords made of 
pairs of 9 and 8-in. channels and web mem- 
bers made of pairs of 5, 6, 7 and 8-in. chan- 
nels and 2)4-in. angles. All joints are riveted 
through pairs of 44-in. gusset plates. There 
are portal braces on the main inclined posts 
_ and X-brace lateral angles between the 15-in. 
kneebraced riveted floor beams at panel points 
174 ft. apart. 

The regular floor beams are riveted to the 
vertical posts at panel points through hitch 
angles extended above the top flanges of the 
_ beams, the bottom flanges of which are 
flush with the bottom flanges of the lower 
chords. The center floorbeams 8% ft. each 
side of the pivot are of special construction 
to serve as main transverse girders carrying 
the full weight of the open spans. They are 
3 ft. deep, with the ends notched to take 
bearing on the top flanges of the lower 
chords and are connected by double longi- 
tudinal girders in the bridge axis, which at 
the middle point rest on the top of the center 
pivot, with polished bronze discs set in a cast- 
steel base plate 3 ft. in diameter. The cen- 
ter panel between transverse girders is X- 
braced by main diagonals and at each corner 
has a pair of kneebrace struts making an 
angle of 45 deg. with the lower chords and 
carrying the bearings of four guide wheels 
running on a one-rail track 17% ft. in 
diameter. 


WeEpGeE AND Pivor DETAILS 


The end wedges are driven and pulled by 
adjustable links operated by a bell crank on 
a shaft driven by a bull wheel commanded by 
a steel rope carried under the bridge floor to 
the center pier. The bull wheel, which is 3 
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Concrete Pier and Crib 


ft. in diameter, has a channel-iron rim and 
bent flat steel spokes riveted to the cast-steel 
hub. The vertical latch bar closes by gravity 
and is lifted by a line running over sheaves to 
the pivot pier. At each end of the bridge are 
provided bearing wheels, which travel on seg- 
mental track rails on the rest piers used to 
steady the bridge after the bearing wedges are 
drawn. The bridge can be swung by one man 
in three minutes with the ordinary hand gear 
and rack-and-pinion motion. 

The pivot casting rests on a concrete pier 
cast in a steel cylinder 20 ft. in diameter, 
which is supported on a timber grillage with a 
footing of forty piles in a sixteen-sided crib 
made of octagonal courses of 10 x 12-in. tim- 
ber, with staggered joints and sides in suc- 
cessive courses. The crib is filled with rock 
between the piles and with concrete. 

All important machine parts are of 
steel, the shaft bearings being of cast iron 
and the floor and railings of wood. The 
weight of the steel in the superstructure, in- 
cluding the turntable and machinery, is 59 tons. 
The superstructure was erected by a floating 
derrick with a steam hoisting engine. The 
bridge was built jointly by the State of Idaho 
and the County of Kootenai. It was designed 


cast 
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by Mr. S. W. Moore, engineer and contractor, 
of Portland, Ore., and was constructed under 
the supervision of Mr. T. E. Robinson, state 
engineer of Idaho. The cost of the com- 
pleted structure did not exceed the limited 
appropriation available of $16,700, an amount 
which controlled the design. The steel was 
fabricated by the Milwaukee Bridge Com- 


pany. 


Rebuilding 3500 Feet of Trestle in 
Twelve Days 


On June 15 3500 ft. of the four-track trestle 
across Newark Bay, N. J., used by the Penn- 
sylvania and the Lehigh Valley Railroads 
were burned to the water’s edge. Within a 
few hours men and materials were at the 
site, and at noon June 27 traffic was resumed 
on two tracks, 

The tracks were about 26 ft. above high 
water. After the fire the burned piles were 
sawed off at the water level and 12 x 14-in. 
sills laid transversely across them. On these 
a new trestle was built, with 12 x 12-in. posts, 
the batter posts being about 20 ft. long. The 
tracks had been operated as two independent 
double-track railroads, each company using 
one pair of tracks. The rebuilt portion of the 
trestle carries only the two interior tracks, 
which will be operated jointly by the two 
companies. 

Nine contracting firms took part in rebuild- 
ing the trestle, employing about 1000 men by 
day and 500 at night. The Pennsylvania Rail- 
road worked from the east end and the Lehigh 
Valley from the west, finishing the work as 
they proceeded. The organization for the 
Pennsylvania consisted of the superintendent, 
principal assistant engineer, two division en- 
gineers, two supervisors, one assistant super- 
visor and three corps of engineers. Electric 
lights and a telephone system were installed 
and a physician was in constant attendance, 
although fortunately there were few injuries. 

A train was caught at the time of the fire, 
and about thirty cars burned or fell into the 
bay. Many of these had steel frames and 
were removed with much difficulty, floating 
derricks being used for the purpose. Oxy- 
acetylene tools were used for cutting the steel 
rails of the burned structure so that they 
could be removed. 

While the trestle was out of service the 
Pennsylvania suffered the greater inconveni- 
ence, as the Lehigh Valley was readily able 
to detour over the tracks of the Central Rail- 
road of New Jersey east of Newark. The 
trestle afforded, however, the only direct ac- 
cess to the Greenville water terminal of the 
Pennsylvania, through which 800 cars are 
moved daily each way. Cars to and from New 
England were routed over the Poughkeepsie 
bridge, while those for other destinations 
were put through the terminals of other roads 
on the New Jersey side of the Hudson River, 
opposite New York City. 


Mup Removat from Ohio River water by 
the water purification plant at Louisville, Ky., 
during 1912 amounted to 2100 lb. per 1,000,000 
gal. of water filtered, or 26 tons daily. In the 
removal of this mud 49 per cent was taken 
out in the sedimentation reservoirs, 45 pe: 
cent in the coagulating basin, and 6 per cent 
by the filters. In the removal of bacteria 58 
per cent was obtained through plain sedimen- 
tation, 34 per cent through coagulation, and 7 
per cent by the final process of filtration. The 
whole system showed a total efficiency in the 
removal of bacteria of over 99 per cent. 
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Determination of Moments in 


Continuous Beams 


By W. A. Slater, M.S., C.E., First Assistant, 
Engineering Experiment Station, University 
of Illinois, Urbana, III. 


In consideration of beam problems the 
writer frequently makes use of a principle 
which he does not remember to have seen 
stated in any text book on mechanics, and 
with the application of which he believes 
many engineers are unfamiliar. The principle 
may be stated thus: In a beam of any span 
carrying a uniform load w per un:t of length 
the moment curve is a portion of the parabola 
whose equation, referred to the vertex as cen- 
ter of co-ordinates, is M—=—wz’/2. Of 
course it is recognized by all engineers that the 
moment curve for a beam under uniform load 
is a parabola, but that it is always the same 
parabola regardless of the span or of the con- 
ditions of fixedness of the ends of the beam is 
not common knowledge, apparently, and this 
feature may be of considerable use in the solu- 
tion of beam problems. In this equation the 
moment M is positive when clockwise, w is 
the load per unit of length of beam and x is 
distance along the beam. The demonstration 
of this principle, which is not complicated, is 
given herewith; also an example of its appli- 
cation. 

Assume that at distance a (see Fig. 1) from 
any support of a freely supported or re- 
strained beam the positive moment is a maxi- 
mum. From principles of mechanics the 
shear will be zero at this point. Since the 
shear on any section is the algebraic sum of 
all the loads and reactions to the left of the 
section, the summation of reactions to the left 
of O—O must be equal to the summation of 
loads; i. e., >R = Zw. These forces will then 
form a couple; and since the moment of a 
couple with respect to all points is the same, 
the moment caused by them at all sections 


to the right of O—O will be constant and. 


equal to e =R, as shown in the figure. The 
additional moment at any section » distant to 
the right of O—O will then be caused by the 
uniform load applied in the distance +. As- 
sume the intersection of the co-ordinates pass- 
ing through the point of maximum moments 
as the origin of the moment curve and consider 
clockwise moment as positive. The equation 
of the moment curve then becomes M = 
—w4'/2, in which M and x are as shown in 
Fig. 1. This is the equation of a parabola 
which is seen to be not a function of the span. 
Therefore, for a beam of any span having a 
uniform load, w, the moment curve will be a 
portion of the parabola having the equation 
M = —ws2'/2. 

If, then, the position and amount of the 
maximum positive moments for any span be 
known, the entire moment curve may be 
drawn by laying off the span to scale and 
tracing upon it the parabola M, = —wz’/2, 
placing the vertex of the parabola at the 
point of maximum moment and keeping the 
symmetrical axis of the parabola perpendicu- 
lar to the direction of the span. The para- 
bola will then cut the lines of the reactions 
at points whose ordinates represent to scale 
the moments at the supports. Conversely, if 
the values of the moments at the supports be 
known these values may be plotted to scale 
and the parabola superimposed upon the draw- 
ing in sttch a way that its vertex will show 
the position and amount of the maximum 
positive moment, Of course, in all cases the 
scale of the parabola must agree with the 
scale of the drawing. Since in the use of the 
theorem of three moments the moments at the 


supports are obtained first, the latter pro- 


cedure is the one to be used. 


Tars_eE 1—Cases or Loapinc ror CoNTINuousS BEAM 


Case First Span Second Span Third Span 
Dead load only Dead and live Dead and live 
loads loads 
2 Dead and live Dead load only Dead and live 
loads loads 
3 Dead and live Dead and live Dead load only 
loads loads 


To illustrate the application of the above 
principle in the solution of beam problems 
the following example is given: Assume a 
freely supported continuous beam of three 
spans of 300 in., 200 in., and 400 in. respec- 
tively arranged as shown in Fig. 2. Assume 
a dead load equal to the live load; that is, 


under full load, curve y, will be used regard- 
less of the span length; and for spans under 
dead load only, curve y, will be used. To de- 
termine the moment in inch-pounds at any 
point of any span, it is necessary only to multi- 
ply the corresponding ordinate of the moment 
diagram for that span by the value of w in 
pounds per lineal inch. It must be remem- 
bered that the moment has been reduced to- 
terms of the total load and that for spans 
under dead load only, as well as for those 
under dead and live load, the value of w used 
must be the sum of the dead and live loads 
per inch of length. For instance, assume that 
the dead load and the live load are each 120: 
Ib. per ft., or 10 lb. per in. of length. Then 
zw = 20 |b. per in. In case 3, third span 
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Figs. 1, 2 and 3—Diagrams for Determining Moments in Continuous Beams 


equal to one-half the total load. Investigate 
for the conditions indicated in Table 1. 

Since the beam is assumed to be freely sup- 
ported, the moments at the end supports will 
be zero. Call the moment at the second sup- 
port M, and that at the third support M, and 
let w be the sum of the dead and live loads 
per lineal inch. Table 2 gives the values of 
M, and M, in terms of w for the three cases. 
These values were calculated by the theorem 
of three moments. 


TasBLE 2—MoMeEntTs at SUPPORTS 
——Monnents in terms of «#——_, 


Case 2 3 
1 —2450 —14625 
2 —5090 —13300 
3 —7330 — 7100 


Now choose a convenient scale and plot two 
parabolas having the equation y, = w*/2, and 
2 


x : 
y = See ely. These parabolas are 


shown in Fig. 3. The y, curve represents 
moments for total load and the y, curve rep- 
resents moments for dead load only. For 
case I use curve y, for the first span and y, 
for the second and third spans. At the sec- 
ond support lay off a moment —2450 w. 
Superimpose curve y, upon span I in such a 
way that the symmetrical axis of the parabola 
is perpendicular to the direction of the span 
and so that the curve passes through zero mo- 
ment at support I and through —2450 w at sup- 
port 2. The curve y, then coincides with the 
moment curve of the beam between supports 1 
and 2. In the same way superimpose curve y, 
upon span 2, causing it to pass through points 
representing moments —2450 w and —14625 
w at supports 2 and 3 respectively. Curve 
y, will be used for span 3 also. For all spans 


. 


(under dead load), the maximum positive mo- 
ment is scaled and found to be +3500 w. 
To obtain the moment in inch-pounds multi- 
ply +3500 by 20, which is the sum of the 
dead and live loads per inch, rather than by 
10, the dead load only. 

Thus, with a slight amount of ‘work in ad- 
dition to calculating the negative moments, it 
is possible to determine and to show graphic- 
ally the amounts and positions of the maxi- 
mum positive moments and the positions of 
the points of inflection. 

Even though the problem be not solved in 
detail showing the actual value of the moment 
at any point the principle here illustrated has 
been found to be of use to the writer in form- 
ing an opinion as to relative values of mo- 
ments at various points of a continuous beam 
or at the same point of a beam under a va- 
riety of end conditions or of distributions of 
load. 


WATER PURIFICATION AT ALBANY, N. Y..,. 
where Hudson River water is passed through 
a sedimentation basin, preliminary filters, 
slow-sand filters and finally receives a dose of 
hypochlorite, cost $6.19 per million gallons, in- 
cluding pumping, during 1912, according to the 
report of Mr. J. B. Kilbourn, superintendent 
of the Bureau of Water. This cost is appor- 
tioned among the following items: Pumping, 
$3.19; sedimentation basin, $0.02; preliminary 
filters, $0.56; slow-sand filters, $1.15; labora- 
tory, $0.61; hypochlorite, $0.35; superintend- 
ence, $0.31. During the year 7,600,456,000 
gal of water were treated. The average rate 
of filtration was 3,535,000 gal, per acre for 
slow sand and 81,000,000 gal. per acre for pre- 
filters. : 
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Dry Feed for Chemicals Used in 
Water Purification 
By Allen Hazen, Consulting Engineer, New York 


With few exceptions, the method of apply- 
ing chemicals to water for its purification has 
been to make a standard-strength solution of 
the chemical in water and to apply this solu- 
tion in measured quantities to the water. 

A new method of regulating and applying 
the chemicals was used at St. Louis in 1904, 
described by Wall (Transactions, American 
Society of Civil Engineers, Vol. LIV, Part D, 
page 236). Under this method no standard 
solutions were prepared but weighed quanti- 
ties of the chemicals were put in dissolving 
tanks at fixed intervals. A. sufficient but un- 
measured quantity of water was allowed to 
flow through these tanks, and as there was no 
permanent accumulation the amount dissolved 
was equal to the amount applied. The advan- 
tages of this procedure were the entire elim- 
ination of standard solutions and of the large 
tanks required for their preparation and stor- 
age, and the elimination of all the apparatus 
for measuring the rate of flow of the chemical 
solution. 


ADVANTAGES OF Dry FEED 


Irom the standpoint of simplicity and cer- 
tainty this system offered great advantages 
over the standard-solution method formerly 
employed. lt was open to the disadvantage of 
requiring constant and faithful attendance on 
the part of the men who weighed out the 
chemicals and put them in the dissolving boxes 
at five-minute or other intervals. ‘his method 
of applying chemicals has continued in suc- 
cessful use in St. Louis. It has also been used 
with some modifications in the Cincinnati 
plant since 1907 and at Washington, D. C., 
since 1910. Notwithstanding the great advan- 
tages of this system, the practical disadvan- 
tage of unremittent attention on the part of 
the operators has prevented its general appli- 
cation in smaller plants. 

In 1907 the writer designed for Brisbane, 
Australia, an apparatus for securing the ad- 
vantages of dry feed in relatively small plants, 
but so arranged as to be automatic in char- 
acter and capable of operating for consider- 
able periods without attention. The mechan- 
ical details were worked out and tested by 
Robert Spurr Weston in co-operation with the 
writer, and a ¢opy. of the Brisbane apparatus 
was installed by .Weston at Knoxville, Ky., 
and was successfully used in treating the 
water supply of that city. 


Screw Conveyor 


In this apparatus a screw conveyor oper- 
ated in the bottom of a large hopper contain- 
ing the dry chemical, and in such a state of 
physical subdivision that it would be steadily 
fed. Motive power was furnished either by 
an electric motor or by a Pelton waterwheel. 
The Pelton wheel is convenient where water 
under pressure is available, and the discharge 
from it goes to the dissolving box and is used 
for dissolving and carrying forward the 
‘chemical. 

The speed of the screw is controlled, first, 
by a system of multiple gearing admitting of 
easy and wide change in speed between the 
motor and the screw, and, second, by chang- 
ing the speed of the motor. A revolution 
counter attached to the screw affords a means 
of keeping an accurate record of the amount 
of chemical used. ; 

Since that time similar apparatus has been 
installed by the writer in a number of plants 
with which he has had to do. Some improve- 


ments have been made in the design of the 
screw and in the screw setting, in the arrange- 
ment of the dissolving box, and in other de- 
tails, but not in the essential arrangements. 
Somewhat similar apparatus has also been in- 
stalled in some other waterworks plants, 
copied more or less closely from the plants 
designed by the writer. 


PREVENTING CHEMICAL FROM SETTLING 


It is essential for success that the chemical 
dropping from the screw should fall into mov- 
ing water and that the movement should be 
sufficient to prevent the material from settling 
to the bottom and forming a pile in which it 
will cake solidly. In the earlier dissolving 
tanks it was found necessary to install mechan- 
ical agitating apparatus to prevent this con- 
dition, but with improved designs for dissolv- 
ing boxes the mechanical agitators have been 
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Chemical Dry-Feed Apparatus 


found unnecessary. It is also necessary to 
house the apparatus, as otherwise the dust re- 
sulting from it is troublesome. The accom- 
panying sketch gives a general idea of the 
character of the apparatus. 

Sulphate of alumina, to be fed in this way, 
must be crushed to a smaller size than that 
which has been ordinarily used, but it is so 
furnished by manufacturers without additional 
cost. 

Hypochlorite of lime, from a physical stand- 
point, is a more difficult substance to feed in 
this way. It has been fed experimentally, 
however, by putting an arrangement similar in 
construction to a meat chopper in the bottom 
of the hopper, above the screw, and operating 
it by the same motive power as the screw; this 
apparatus serves to break up lumps and to 
reduce the material to a size that can be 
handled by the screw. , 

Ordinary cast-iron screws and parts prove 
to be reasonably durable with the dry-feed 
apparatus and all parts subject to the action of 
chemical may be easily and cheaply-replaced 
when that becomes necessary. The screws 
actually used have ranged from 2 to 4 in. in 
diameter. Our present preference is for a 
rather small screw operating at a relatively 
high speed. . 


RANGE OF SPEED 


The apparatus installed at Springfield, 
Mass., and at Poughkeepsie, N. Y., had 4-in. 
screws built into the bottom of wooden hop- 
pers and driven by variable-speed motors 
through a train of gears. These gears were 
arranged so that the ratio can be changed 
through a total range of 1 to 56, and as the 
speed of the motor can be varied through a 
total range of from 1 to 4, the total possible 


variation in speed with one screw is from I 
to 224. The machine can thus be made to 
work at any rate likely to be needed in the 
operation of the plant, and in fact the range 
provided is much greater than is actually 
required. 

Tests of the apparatus at various speeds 
show that the discharge of the coagulants per 
revolution varies less than 3 per cent from the 
lowest speed to the highest. This makes it 
easy to adjust the machine for any rate of 
feed with all necessary precision. A tachom- 
eter, or speed indicator, connected with the 
machine allows a more rapid and also a more 
accurate adjustment of the rate to the desired 
conditions. 


CAPACITY OF CONVEYOR 


A 2-in. conveyor will discharge, according 
to the gearing, from 1 to 3 tons of coagulant 
per day, or sufficient to apply I grain per gal- 
lon to as much as 40,000,000 gal. per day, 
while, on the other hand, it can be run slowly 
enough to treat as little as 100,000 gal. per 
day. With a 4-in. conveyor the quantities are 
correspondingly greater. 

The advantages of the dry-feed system are 
certainty of operation, compactness and mod- 
erate cost of installation, convenience and the 
elimination of much apparatus and piping hard 
to keep in order and tight with highly corro- 
sive solutions. As compared with the St. 
Louis system constant attendance is made un- 
necessary, an important matter in small plants. 
Several years’ experience with sulphate ot 
alumina has been altogether favorable, and 
there is no reason why other chemicals may 
not be fed in the same way. 

There are no patents on this method of 
applying chemicals. 


Driving Piles with an Inverted 
Machine 


A recent paper on the Manistee River via- 
duct, presented to the Western Society of 
Engineers by Mr. W. T. Curtis, described 
some unusual work in pile driving and pier 
construction for the foundation of additional 
supports for the viaduct. Nearly 4oo piles 
were driven to a penetration of 35 ft. in 
clusters of 6 and 12 on both sides of and 
close to the bents of the existing viaduct 
towers. 

All of the piles were driven through an 
old corduroy road which was discovered sev- 
eral feet below the surface of the ground 
and caused much difficulty and expense in re- 
moving or cutting through the logs. The pile 
driver had to be moved several times for 
each cluster of piles and was handled very 
advantagéously from the deck of the bridge 
75 ft. above the surface of the ground. The 
pile-driver tower, suspended from its center 
of gravity, was turned bottom side up and 
lowered between the tower bracing to the re- 
quired position, where it was braced or guyed 
and a hammer operated between its leads to 
drive the piles as required. The engine was 
moved separately from the driver and the 
work was carried on without removing any 
of the old tower bracing. 

Sand and gravel for the concrete piers were 
dumped through the track above to stock piles 
formed on grillages of old ties set on the sur- 
face of the ice 75 ft. below. The materials 
were distributed over the ice, mixed at the 
forms and deposited under water in very cold 


weather. The work was executed by the 
Wisconsin Bridge & Iron Company, of 
Milwaukee. 
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Flood-Prevention and Water-Conservation 
Measures in Germany 


Summary Indicating the Extent and Magnitude of the 
Reservoir Systems in Operation and under Construction 


The construction of reservoirs for water 
conservation in Germany dates back to the 
sixteenth century, when not less than seventy 
earth dams forming reservoirs with a total 
pondage of 350,000,000 cu. ft. were constructed 
in ‘the Harz Province. The largest of these, 
the Oder Reservoir, holds about 60,000,000 
cu. ft. Only during the past twenty years, 
however, have water conservation plans been 
developed to any large extent. During this 
period thirty reservoirs, with a capacity of 
4,700,000,000 cu. ft. have been constructed at 
a cost of $13,500,000. Twenty more are either 
in course of construction or about to be begun 
and when completed will hold about 17,000, 
million cu. ft. Plans are also being prepared 
for a number of others. 

The situation in Germany was studied last 
year by Mr. Kenneth C. Grant, assistant en- 
gineer of the Pittsburgh Flood Commission, 
who recently delivered a lecture on the sub- 
ject before the Engineers’ Society of Pennsyl- 
vania. Whe following information has been 
taken partly from his paper and partly from 
the “Zeitschrift fir Bauwesen.” 

The accompanying table and plans show 
that in two districts, especially, large reser- 
voir systems have been built in Rhineland- 
Westphalia and Silesia. West of the Rhine 
only one reservoir—the Urft—is in operation; 
but at Roetgen-Aachen an additional one 
which will have a storage of 330,000,000 cu. ft. 
is in course of construction. East of the 
Rhine, in the drainage basin of the Wupper 
River, are eight reservoirs, totaling 670,000,000 
cu. ft.; while in the Kerspe Valley at Ohl an- 
other, with a capacity of 550,000,000 cu. ft., 
is in course of construction, These reservoirs, 
together with nine in the drainage basin of 
the Ruhr, are built primarily to supply do- 


mestic and industrial requirements, but will 
also be used for the generation of power. 
The credit for the undertakings on the 
Ruhr is mostly due to the Ruhrtalsperrenver- 
ein, which was formed in 1898 The dams, 
however, are built by private associations, as- 
sisted financially by the Imperial Government. 
The Verein buys its supply from these private 


somewhat different basis, is to be found on the 
Wupper River, a tributary of the Rhine above 
the Ruhr. It has a drainage area of about 
240 sq. miles and flows through the thickly 
populated manufacturing region around Bar- 
men and Elberfeld. Before the construction 
of reservoirs on its tributaries the stream had 
a very irregular discharge, varying between 
0.05 and go sec.-ft, per square mile of drain- 
age area. Flood damage was frequent and 
considerable, and the numerous water-power 
plants suffered greatly from low water. 

After long deliberation a reservoir associa- 
tion was formed under a special Prussian act. 
This association has already built two reser- 
voirs on tributaries of the river and a third is 


= Essen / 
NS Boe) 


Se Whig a5 os & GaN Lay 


WY ad Rattingen 
NG 


Cities, thus: @ 
Freservoirs, thus: wa 


Reservoir System in Rhineland-Westphalia on the Wupper and Ruhr Rivers 


associations. The cost of water varies with 
the locality ; at Heilenbecker the price is $95 a 
year, or about $6 per 1,000,ovo cu. ft.; at 
Fullbecke, $960 and $46 respectively; at Has- 
perbach, $4800 and $66; and at Ennepe, $24,- 
ooo and $66. The highest price, $68 per 
1,000,000 cu. ft., is paid at Glorbach, Jubach, 


‘Henne and Oester. 


Another example of co-operation, but on a 
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Reservoir System in Silesia on the Tributaries of the Oder River 


under construction. All water users below 
these dams must pay an annual assessment to 
the association. 

In addition to these three projects there are 
six other reservoirs on tributaries of the Wup- 
per, built by cities for domestic and industrial 
supply, while a seventh is under construction 
on the Kerpesbach for an additional supply 
to the city of Barmen. Contrary to the ar- 
rangement on the Ruhr, the Wupper asso- 
ciation has been given complete control over 
the entire watershed, so that all reservoirs 
built since the act creating the association 
took effect must pay a certain amount annually, 
based on the water used, to the association. 
These projects, while primarily not operated 
for flood control being always kept as full as 
possible, have an appreciable effect in lower- 
ing the floods in the Wupper. 


RESERVOIRS IN SILESIA 


The reservoir district in Silesia is located 
in the Riesen and Eulen Mountains. The 
object is not only to safeguard life and prop- 
erty but to make the Oder River navigable 
during times of low water. When a flood 
comes only so much water is released as will 
safely pass down the channel. The water 
held in storage is later used to increase the 
low-water flow. The cost of building these 
structures was estimated at $9,300,000, $7,150,- 
000 of which was granted to the Province of 
Silesia by the government. 

Sixteen reservoirs were planned, of which 
seven, with a capacity of 1,050,000,000 cu. ft., 
have been completed at a cost of $1,900,000. 
Six more, with a capacity of 2 :290,000,000 Cu. 
ft., estimated to cost $2,580,000 are in course 
of construction. 

The Oder River flows in a northwesterly di- 
rection through Prussia. It passes only 50 miles 
to the east of Berlin and as it is connected 
with that city and thence with the Elbe River 
by canals, and is navigable for nearly its entire 


JULY 19, 1913 Ba Ne GHeNe Bebe RoI NAG Re Hes Ce OhiRaD) 73 
length, it is an important stream commercially, = 
The head of navigation is at Cosel, in the Tabulation of Reservoirs Grouped under Their Respective Rivers 
southern part of Silesia; and from here to 
. " . . REICHENBERG RESERVOIRS 
Breslau, the capital of the Province, a dis- ‘ Drain- DAM Cost of 
: : : : ; onstruction age Maximum Reserved 1005 —_——_ Total reser- 
tance of about go miles, the river is canalized. Name of reservoir period area, capacity, flood control, ; Volumé cost of voir per 
Below Breslau the low-water depth is about sq. cu. ft. cu. ft. Material of dam, reservoir million 
B miles cu. yd. cu. ft. 
3.9 ft., or 0.7 ft. less than that required for aay i es , 
ene ; : farzdort 510 dee eee ace — 6.0 2,239,000 8,119,000 Masonry 20,918 $165,000 $7,419 
ies nae depth gradually increases, Grinwald ee. .s+. 1906-08 10.3 951310,000 ....,...., Masonry 56,218 $40,000 $,770 
n j ; as riedrichswald........ " . ; : A asonry 4,911 360,000 5,100 
ut slowly, until ata point about 120 miles be-  yorthach e222 1904-06 27 81.308 OOU Sete e re Masonry 15,690 94,400 10/700 
low Breslau the necessary depth of 4.6 ft. Miuhlscheibe........... 1904-06 2.6 85825) COUR Miron Masonry 20,918 123,000 14,000 
is attained Piewextension) of the system of Gorsba chic ilarce eateries awetartreve.e:6.oce 4.6, 17,650,000 8,825,000 Masonry 41,837 206,000 11,670 
an and - hie bay Bey Le at RESERVOIRS ON THE ELBE AND TRIBUTARIES IN BOHEMIA 
One time Considered, but it has been decided to x snigreiche-Walde....,Not completed’ 200.0 320,887,000 256,000,000 Masonry ...... $965,000 $3,000 
obtain the additional depth by the construction, Spied ase fobs bibs « ae pote ar 1 bee 0,000 A OELO0 0 OOD Mason Ey 2 652,880 5,464 
5 : TSO revecenaaee Neraone omp. A ; - , , Noy INE Sper tyres 150,000 1,850 
on tributaries of the Oder above Breslau, of Parigov. ssa, pComp. 1913 80.7 69,010,000 «15... ... Masonry... 299686 5000 
si = . reibitz-bach......... ot complete A , 300,000 4,100, ECL roar 140,000 4,000 
two large reservoirs, which will perform the yoygty mechs: Not completed 16.6 49-300; 0008 9-34. 500;000M- Barth (cis; *e..0ecds uc... 
triple function of controlling floods, develop- 
ing power and increasing the low-water stage. RESERVOIRS ON THE ODER IN SILESIA 
The required increase of 0.7 ft. in the stage Glatzer Neisse......... Not begun 906 3,600,600,000 635,400,000 Earth ...... $3,840,000 $1,070 
below Breslau can be obtained by an addi- Ma'apane............. Not begun 403 3,124,050,000 370,650,000 Bart hiaseests seeks 2,880,000 900 
tional flow of about 700 sec. ft. The plans for 
2 RESERVOIR ON THE QuUEIS RIVER 
these reservoirs are now completed, but work : 
: ; ; Marklissa...........+- 1901-05 118 529''500) O00) = :c0ccae ss <- Masonry $750,000 $1,418 
is not as yet begun. They will be built under 
the direction and at the expense of the Prus- RAST OTERO An Hanes Riven 
a ae Perea enerald Mauer, «...« —1912 467 1,765, 000,000 706,000,000 Masonry 332,000 $992,000 $1,150 
t rzdor runw an riedrichswa atm brunn\ -ce soar 1905-08 46 199,200,000 hole reser Fs ol ee Ronee eee 381,000 1,800 
A a Y G a ' Herischdort... °. nen 1904-06 36 141,200,000 Whole reser. 1g ee ge 219,000 1,550 
the mill owners and others using the reservoir Buchwald.:........... 1904-06 23 HE GISAOUUTN Rn Sead Concrete ...... 264,000 3,400 
water for generating power will be taxed $12 Grater 1903-06 36.4 PEL ONO KUO elses seen Earth 51,100 86,000 3,000 
per year per horsepower. In other localities et ee ee pe Bie 
a tax of $28 per horsepower per year will be 
teed Mohne wars es eee —1912 16.0  4,590,000,000 Inc. low-w. Masonry 344,500 $5,000,000 $1,090 
evied. Helienbecker.......... 1894-96 2.9 15,900,000 Inc. low-w. Masonry 11,700 67,300 4,230 
Fuelbecke:s.5.5 62.0 sms 1894-96 1.85 24,700,000 Inc. low-w. Masonry 20,000 79,750 3,795 
REICHENBERG RESERVOIRS Hasperbach........... 1901-04 3.1 72,450,000 Inc. low-w. Masonry 74,500 507,500 7,000 
Gees Se sol Sele rac nee 1902-04 18.5 363,500,000 is. padi reese 21 reo 716,500 1,970 
: : : SLSEs Sareycee a, neareoey nenetttene 1902-04 1.8 58,300,000 ne. low-w. asonry 31,350 179,000 3,360 
The ee anu ee ihe of six eae che Desa 1903-04 Dies 74,200,000 Inc. low-w. Masonry 45,700 216,000 2,915 
ro ects in nort hern ohemia on t eu er ubacn... 1904-05 P Keay 37,100,000 nc. low-w. asonry 36,600 161,600 4,350 
P J Z > re J 3 PP Henne.. 1901-05 20.4 388,300,000 Inc. low-w. Masonry 140,000 805,000 2,070 
basin of the Gorlitzer Neisse. This stream  Oester............ ... 1904-07 4.9 109,600,000 Inc. low-w. Masonry 68,000 429,000 3,910 
TASER) 3c news cree —1913 25.8 660,000,000 Inc. low-w. Masonry 140,000 1,010,000 1,530 


rises in northern Bohemia and flows north- 
ward for 124 miles, emptying into the Oder 
about 15 miles below Crossen in Prussia. The 
upper portion of the valley receives a heavy 
precipitation, 13.5 in. in twenty-four hours 
having been recorded at some points, and has 
been repeatedly devastated by floods. After 
a great flood in 1888 an association was 
formed to plan and carry out the construction 
of protection and regulating works, consisting 
of the widening and straightening of the chan- 
nel and the raising and protecting of the banks. 
The estimated cost of these improvements was 
so heavy and their effectiveness so doubtful, 
however, that practically nothing was done 
by the association. 

In July, 1897, this part of Europe was again 
visited by devastating floods, which so revived 
public interest in flood relief that a conven- 
tion, in which all the neighboring cities and 
towns. were represented, was held-in Reichen- 
berg in the fall of that year. At this meeting 
it was decided to investigate the feasibility of 
constructing reservoirs for flood control. In 
January, 1901, the preliminary studies were 
sufficiently complete to establish the general 


RESERVOIRS ON THE WUPPER RIVER 


1898-99 8.65 116,500,000 18,000,000 Masonry $343,000 $2,950 

1898-99 Tei 91,780,000 3,500,000 Masonry ..,... 256,800 2,800 

WIE einer 123,500,000 wilevovabagtt |e Weeaec, earn Sento ea em ea 

1889-91 1.74 37,800,000 Masonry 128,640 3,640 

1891-93 0.54 10',590/,0000% 2. Se eimiin Masonry<4°3....5: 25,200 2,380 

Salbach 1898-99 0.35 LO 5300; O00 mo Sears isu spd IMASOniV ans = has 122,400 8,670 

Herbinghauser........ 1898-01 ani Bee Os OOO Re ie cise a ter IEASONEY: | maciccn 480,000 5,440 

Sengbach we) Janek 1900-03 4.65 113 SOOO OOO) iieccteerte ae axeigracs Masonry 2 ahs. 5. 504,000 4,603 

CVC eee nee 1907-08 4.5 D1 SOOKOO0N. yar sure. ane. Masonry 408,000 1,930 

Kerpesbaich:.. ....-..0: Not completed 10.6 OUP TOOKOOOW Wer te oe ee NET orebaig pee ties | cc Hin ie aera 
RESERVOIR ON THE RuR RIVER 

Winfiteee eas eceetscn a seca fey 1900-04 145 16065000), 000) eke... Masonry 185,650 $1,000,000 $620 
RESERVOIR ON THE EDER RIVER 

BiGer rie trate bv coset am hoses aks ras ons sie 552 i, Leet CO SOOO crarertetrec sire Masonry 392,220 $4,745,000 $665 

RESERVOIRS ON THE GLATZER NEISSE 
Setienberg: 0. Guess ee 1905-08 19.85 400503000 Scie eee © Masonry 88,200 $68,300 $1,680 
Wolfesgrund.......... 1905-07 9.6 Ze SSO OOOmmeatprtais ms ester Masonry 26,200 125 ,000 4,460 


plans, which contemplated the construction of 
six reservoirs in the neighborhood of Reichen- 
berg, controlling the run-off from about 29 
sq. miles, and in critical flood times holding 
back about 3530 sec.-ft. of damaging flood 
discharge. 

The result of the investigations gained the 
association many new supporters and as- 


sured the sympathy of the population of the 
entire valley with the project. In fact, one 
of the most noteworthy features of this under- 
taking is the widespread interest it aroused in 
the surrounding country and the universal 
financial support it received. Although all the 
reservoirs are located in Bohemia, the benefits 
both in flood control and increase of low-water 


View of the Buchwald Reservoir Dam 


Eschbach Reservoir Dam, with Outlet Tower 
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flow are felt by the Saxon and Prussian inter- 
ests along its lower course; and these two 
states, together with cities, smaller communi- 
ties and private interests, co-operated with 
Bohemia in their construction. The total cost 
of the work was $1,320,000. 


MarKLISsA RESERVOIR 


This reservoir is located on the Queis 
River, a few miles above Marklissa. This 
stream rises in the mountains of southern 
Silesia and flows northward into the Bober 
River, which empties into the Oder a short 
distance below Crossen. The Queis flows par- 
allel to and about 20 miles to the east of the 
Gorlitzer Neisse, described above under the 


able discharge of 3880 sec. ft., the additional 
capacity of 42,360,000 cu. ft. due to this added 
depth can be regarded as protection against 
floods, bringing the total capacity of the reser- 
voir for flood protection up to 571,860,000 
Cie 

The reservoir is so arranged, by means of 
two lower spillways, that 176,500,000 cu. ft. 
of water are kept in the reservoir, but on the 
approach of a flood can be released by gates 
at the bottom in time to make the full capacity 
of the reservoir available for flood control. 
The lower reserve is used for the development 
of power at a station, a few hundred feet below 
the dam, which develops a maximum of about 
3000 hp and an average of about 1500 hp. 


Sludge Disposal at Oldham 


A patented process for the disposal of 
sludge is employed at the Oldham sewage 
works in England. It is the invention of Dr. 
J. Grossmann, who outlined his methods in 
a paper presented at the May meeting of the 
Institution of Municipal Engineers and which 
was abstracted in the “Surveyor” of June 13. 
Dr. Grossmann’s process, it is claimed, pro- 
duces an inodorous and sterilized manure of 
high value and provides for the recovery of 
grease, although it was not represented that 
the adoption of the process would be attended 
with large profits. The chief advantages seem 
to be the elimination of smell and flies. 


Sengbach Dam, Showing Narrow Stepped Spillway 


Reichenberg reservoirs, and in topography, 
rainfall and run-off is very similar to that 
stream, the same heavy rainfalls having repeat- 
edly caused destructive floods on both streams. 

The drainage area above the dam is 118 sq. 
miles and the reservoir has a capacity of 529,- 
500,000 cu. ft. It was built in 1901-1905 by the 
Province of Silesia at a cost, including land, 
damages, etc., of $750,000, or $1418 per I,000,- 
000 cu. ft. of storage. 

The design of the reservoir is based upon a 
careful study of the flood of 1897, the greatest 
ever experienced in this region. The channel 
of the Queis at Marklissa will carry 3880 
sec.-ft. without overflow. During the flood of 
1897 the discharge rose to 27,530 sec.-ft., or 


The release of the flood water during the 
low-water season increases the flow of the 
Queis to about 140 sec.-ft., or about four 
times its former minimum, which is of great 
benefit to the numerous mills on the stream be- 
low. 

There are twelve other reservoirs for flood 
control on tributaries of the Oder in south- 
western Silesia. With three exceptions they 
have earthen dams. They vary in capacity 


from 16,930,000 to 120,150,000 cu. ft. and in 


cost per I,000,000 cu. ft. of storage from $990 
to $3060. All these reservoirs are built and 
operated for flood control only, being kept 
empty except during floods. The land below 
the flow line is used for pasture and raising 


Warmbrunn Dam Spillway, with Peculiar Discharge Openings 


Sludge from Oldham, a city of 147,000 in- 
habitants, is taken direct from the settling 
tanks and settled in special tanks until the 
percentage of solids is raised from about 10 
to about 20. The next step is to dry the 
sludge. It is taken by an automatic conveyor 
to the top of the building, and thence led by 
chutes to six horizontal heated drying cyl- 
inders. In these are revolving screw con- 
veyors, pushing the sludge along until it drops 
into hoppers in the form of a powder. 

Each machine produces 1% tons of dried 
sludge in twenty-four hours, which is equal to 
15 tons of the original sludge. In the evapo- 
ration of the surplus water there is said to 
be no smell. To extract the grease which still 


View of the Mauer Dam Nearing Completion 


about 230 sec.-ft. per square mile. The dis- 
charging apparatus at the dam is so arranged 
that 3880 sec.-ft. can be released during the 
filling of the reservoir. At the level where the 
capacity is 529,500,000 cu. ft. there are two 
spillways, one on each side of the valley, with 
a total crest length of 223 ft. As soon as the 
water reaches this level and begins to flow 
over the crests of these spillways, the gates 
below are gradually closed so as to’keep the 
discharge at 3880 sec.-ft. As a head of 3 ft. 
on the spillway is necessary to give the allow- 


hay. It is rented for about $3 an acre per 
year, which is about I per cent on the average 
cost, $300 per acre. 

These reservoirs, it is stated, have been 
thoroughly successful in preventing floods in 
the valleys below the dams. 


Tue Bureau oF SCIENCE in the Philippine 
Islands made 4563 tests of cement samples 
during six months in 1912 at an average 
charge of $1.20 a test. 


View of Urft Dam, Showing Stepped Spillway 


remains in the dried sludge, the latter is passed 
through another cylinder into which super- 
heated steam is admitted, along with a con- 
tinual supply of sulphuric acid in the form 
of a slender stream no thicker than a knitting 


~ needle. The rotating paddles and shaft which 


carries them are perforated in such a way 
that the steam penetrates the whole mass of 
dried sludge and absorbs the grease and fat. 
The presence of acid is necessary for this 
action. The steam is finally led to condensers, 
where the grease separates out. 
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- Reinforced-Concrete Details of a 


Large Paint Shop 


The 210 x 28744-ft. two-story paint shop for 
the Detroit United Railways is one of a group 
of four new repair shops of similar construc- 
tion recently designed and now being built for 
the maintenance of over 2000 electric cars 
operated on the 777 miles of track. The build- 
ing is divided by longitudinal walls and rows 
of columns into twelve aisles from 14 to 22 ft. 
in width, : 

One full-length longitudinal section of the 
shop is about 5714 ft. wide and consists of four 
two-story aisles. It is devoted to g'azing and 
stripping and to storing of stock, and has 
upper and lower stories respectively 15 and 
13 ft. high in the clear, the latter receiving its 
light through windows in the wall and through 
a monitor skylight. The remaining eight full- 
length aisles have a combined width of 121 ft. 
8Y in. in the clear and, though oniy one story 
are of about the same overall height to the 
top of the transverse sawtooth roofs of 26 ft. 
2-in. span center to center of supporting 
columns. 

This portion of the building accommodates the 
paint shop and washrooms and has a gallery 
toilet. The columns, roof trusses, and roof and 
floor slabs are of reinforced concrete. The 
partition walls are of brick and the exterior 
walls consist almost entirely of windows, with 
steel sash in steel channel frames set in a 
short length of common brick walls 13 in. 
thick necessary to fill the remaining space be- 
tween windows and columns. The rectangular 
wall columns have two-course offset concrete 
footings and the cylindrical interior columns 
have similar three-course footings, all columns 
being dowelled into their footings with five 
or six vertical 34-in. rods. 

The sawtooth roofs are carried on triangular 


trusses about 12 ft. high over all and 26 ft. 


2 in. long on centers, each of which has a deep 
inclined girder or rafter thoroughly connected 
at the lower end to the horizontal member 
which it intersects and with which it is integral, 
and which takes the horizontal tension from 
the rafter, thus transmitting only vertical re- 
actions to the column. 


CoLUMNS 


To secure the greatest clearance it was 
necessary to make the columns as small as 
possible. They were constructed with an ex- 
ternal diameter of 13 in. and reinforced with 
six 5£-in. vertical bars and with 5/16-in, hoop- 
ing at a 3-in. pitch. The wall columns were 
made with rectangular cross-sections, and for 


Second-Story Columns with Corbelled Tops 
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Wall Column 


Interior Colump, 


Reinforced-Concrete Sawtooth Roof Frames, Wall Columns and Corbelled Columns 


the two-story portion of the building were pro- 
vided with brackets under the ends of the 
floor of the roof beams. The interior columns 
in the two-story portion of the building are 
of circular cross-section and are corbelled out 
in a!l directions at the upper ends to support the 
second floor and roof slabs. The tops are thus 
enlarged to a diameter of 4 ft. and support 
“shear slabs” 514 ft. square, 16 ft. 9 in, apart 
longitudinally and 18 ft. 10 in. apart trans- 
versely, on which the floor and roof slabs, 
respectively 7 and 6 in. thick, are carried. The 
roofs are proportioned for a live load of 40 
Ib. per square foot, and are graded by cinder 
concrete fill to drain to leaders at the columns. 
Over the sawtooth trusses the roof slabs are 
3 in. thick and reinforced with expanded metal, 
and were cast in forms supported during con- 
struction on temporary rafters. All roof slabs 
are waterproofed with tar composition. 


LIGHTING AND HEATING 


The car doors, which are 12% ft. and 16 ft. 
high, are of wood, with 3% x 14-in. wrought- 
iron strap hinges extended across the full width 
of the leaves and anchored to the 12-in. rein- 
forced channels in the wall columns. The saw- 
tooth windows have pivoted sashes commanded 
by a continuous operating device. In the two- 
story aisles the large windows have six-light 
pivoted sections of sash for ventilation. The 
stairways are of reinforced concrete inclosed 
in 13-in. brick partitions. 

The shop is heated by direct-radiation coils 
supported on the walls and on the sawtooth 
girders. Artificial illumination is provided by 


a liberal installation of tungsten lamps with 


deep bell shades for individual lighting, and 
by 1 B.C. multiple-series flaming carbon arc 
lamps to every 14 x 26-ft. section of floor space 
in the paint shop and washroom. 

The paint shop is fitted with 14 Bowser 
tanks, of 170 to 550 gal. capacity, for storing oil 
and varnish and has a _ reinforced-concrete 
counter with a complete equipment of 20 x 26 
xX 27-in, tilting bins of 3/16-in. steel for the 
storage of paint powder. It is also provided 
with four solid-concrete washing tanks, 26 in. 
wide, 8 ft. long and 30 in. high, and with a 
concrete paint-mixing bench, wash sink and 
lye tank. Messrs. Smith, Hinchman & Grylls 
are the architects and Mr. W. E. Woods was 
the contractor for the building. 


The Smoke Nuisance 


The smoke nuisance in San Francisco 
is being studied by a committee recently ap- 
pointed by the Chamber of Commerce. The 
committee spent some time gathering informa- 
tion as to causes and remedies, and then un- 
dertook to frame an ordinance intended to 
regulate the quantity of smoke permissible 
from each coal consumer. The committee also 
compiled two lists of furnace users, one list- 
ing places and persons who offended the least 
or not at all, a sort of “white list,” while the 
other was the roll of the worst offenders, or 
“black list.” The committee claims that the 
excessive discharge of smoke from chimneys 
is mainly a matter of efficiency in firing and 
believes that the nuisance may be greatly 
abated if firemen could be made to perform 
their work with greater care. 


Construction of Shop with Sawtooth Roof 
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Suggested Methods of Preventing 
Land Slides 


The prevention of land slides of an exten- 
sive area by an underground system of re- 
inforced-concrete posts and tie rods has _re- 
cently been proposed with particular reference 
to the conditions in the Culebra Cut of the 
Panama Canal. The scheme as developed by 
Mr. George S. Rice, chief mining engineer, 
U. S. Bureau of Mines, Pittsburgh, was de- 
scribed in a paper presented before the West- 
ern Society of Engineers on May 12. Mr. 
Rice has studied at first hand the conditions 
leading to the land slides on Turtle Mountain, 
near Frank, Alberta, Canada, in 1903, which 
caused the loss of seventy lives and the de- 
struction of a large section of the town. Sup- 
plementing this study Mr. Rice has drawn, in 
the development of the plan, upon his experi- 
ence in mining operations and upon a study of 
the conditions in the Culebra Cut, as outlined 
by Mr. Donald F. MacDonald in the Engin- 
eering Record of Aug. 31, 1912, page 228. The 
scheme in its application to the Panama Canal 
is briefly as follows: 

1. To drill a series of holes placed along 
lines parallel with the axis of the canal, these 
holes to be both vertical and inclined, and to 
go deep enough to reach firm strata below the 
level of the bottom of the canal. 

2. To “spring” the bottom of the holes by a 
charge of dynamite, making an enlarged or 
pear-shaped cavity in the firm stratum which 
will provide space for an anchorage of the re- 
inforcement. 

3. To place steel rods in the inclined holes. 

4. To force cement grouting into the holes 
under a pressure of from 750 to 1000 lb. per 
square inch, so that the cement will penetrate 
all the joints and fissures, bind the rock to- 
gether, and form an enlarged anchorage. 

Mr. Rice believes that the vertical holes, 
when filled with concrete and reinforced with 
steel bars, would have all the advantages of 
deep-seated, massive piles, affording a stable 
foundation for any retaining wall or cap 
placed upon them. The inclined holes would 
act as diagonals or tension members. The 
combination of vertical and inclined concrete 
posts and tie bars with a concrete capping 
would make a dam or retaining wall of tri- 
angular cross-section which, if seated in solid- 
rock formation, should have great strength 
against lateral pressure. 

The size of the rods in the holes should be 
proportioned to the probable stress as far as it 
can be estimated. They should have nuts and 
washers or be upset at each end. 

It is also suggested that many of the ordi- 


nary retaining walls as now built for the reten- 


tion of lesser slides or to retain earth em- 
bankments could be constructed relatively 
lighter by the use of lateral or diagonal tie rods 
instead of relying upon the massiveness of 
the structure to prevent overturning. 

In connection with the piles Mr. Rice favors 
the adoption of other measures—first, drain- 
age of the slopes; second, subdivision of 
the slopes from which the slides are liable to 
come, and third, interposition of what may be 
termed an underground dam to prevent circu- 
lation of water from the canal by wave action 
or “backwash.” While admitting that the cost 
of such a_plan would be considerable, Mr. 
Rice is of the opinion that the cost of repair- 
ing damage to an engineering work by an ex- 
telisive land slide would be vastly greater. 


WarteER Meters are to be installed in the city 
of Madrid, according to a recent consular re- 
port. 


Expansion and Contraction Meas- 
urement of Concrete Roadways 


By A. T. Goldbeck, Testing Engineer, Office of 
Public Roads 


In connection with the experimental con- 
crete roadway constructed by the U. S. Office 
of Public Roads at Chevy Chase, Maryland, 
and described in the Engineering Record of 
June 28, page 719, a set of observations is 
being taken on the change in length of the 
concrete. Laboratory experiments indicate 
that change in moisture content has much to 
do with the dimensional changes of concrete 
construction. In fact when a reasonably rich 
mixture of concrete has reached a thoroughly 
dry condition the change in length from its 
condition one day after pouring amounts to 


fitted with two micrometer heads and the 
other with two hardened-steel plugs with flat 
ends. As shown in the illustration, readings 
are taken by resting the two points of the 
instrument in the 1/16-in. holes drilled in the 
embedded brass plugs. The double tubes, one 
of steel and the other of brass, are used to 
take care of temperature changes, as readings 
are taken at different seasons of the year. 
The instrument has been carefully calibrated 
by reading on a steel gage bar immersed in 
water at a constant temperature. Steam was 
passed through the inner casing and readings 
taken upon micrometers, and finally cold air 
was passed in the same manner until the bars 
had both been reduced to the same tempera- 
ture, when micrometer readings were again 
taken. From the result of this calibration 
means are at hand for judging of the average 


Strain Gage in Use Measuring Expansion or Contraction in Concrete Road 


at least as much as would be caused by a fall 
in temperature of, 100 deg. Fahr. It is not 
expected, however, that the concrete in the 
roadway will be affected by change in mois- 


. ture content to any such degree as this, owing 


to its protection from a thorough drying out 
by the moist underlying subsoil. 

It is hoped that by accurately measuring 
the change in length of the concrete roadway, 
due both to temperature and moisture changes, 
data of practical value will be obtained to 
permit of more efficient spacing of the so- 
called expansion joints. 

In the Chevy Chase experimental road 
measurements are being taken over sections 
of plain concrete with gravel, limestone and 
trap rock aggregates, over sections having 
bituminous coatings, and over sections of oil- 
mixed Portland-cement concrete. For this 
purpose brass plugs 5 in. in length and 3 in. 
in diameter were embedded in the concrete 
just before the final floating and were spaced 
in double rows 5 ft. from the sides of the 
road, one row having a Io-ft. spacing and the 
other a 50-ft. spacing. The tops of the plugs 
are drilled with a 1/16-in. hole and are pro- 
tected by means of a brass collar into which 
at first a rubber stopper was inserted. ‘The 
rubber proved to be a very attractive play- 
thing for the children of the neighborhood, so 
putty was ultimately substituted. 

Measurements are taken from plug to plug 
by means of a 1o-ft. strain gage. This instru- 
ment, which was designed to give an accuracy 
of one-thousandth of an inch in to ft., con- 
sists of two %-in. tubes, one of brass and the 
other of steel, inclosed in a double-brass 
casing, the diameter of the outer casing being 
2 in. and that of the inner casing 2 in. Cast- 
ings containing hardened-steel points support 
the ends of the instrument, one casting being 


temperature of the tubes from their measured 
difference in length and a very accurate 
method is furnished of reducing the microm- 
eter readings on the road to what they would 
be if the temperature were to remain constant. 


Excavating Costs on City Work 


The following figures are reported by the 
Aberthaw Construction Company, of Boston, 
in connection with the excavation of 6976 cu. 
yd. of earth on a piece of work in Boston. 
The conditions were favorable; there were no 
rocks and the soil was fairly loose. A %-yd. 
Thew steam shovel was used, and the carting 
was done with 2-yd. end-dump wagons, the - 
hauls averaging more than a mile. The total 
cost per cubic yard was $0.665%, distributed 
as follows: 


; EXCAVATING 
Shovel GopiGaye ty terse ieee stele dr ele sleet hate $300.00 
1 Engineer, 25 days at $37 per week........ 154.00 
1 Fireman, 25 days at $18 per week... 75.00 
Te. -APoreng am ae ce age oseheeoiaccteoeiaialoie erie emia oe nve dete 83.00 
2 Laborers trimming around shovel, 25 days 
aby SO yy rcveenlane woabeee wietarsinimie vee, center tetal Mean ate 100.00 
Other labor preparatory to and during shovel- 
ing, 411 men at $2, estimated 10 per cent 
BE sAUM Dp Aisi cisiew cia cee Gis Meme ate ee ieee ieee 740.00 
Miscellaneous: laborers.) .... so. eis ee siooe wn ame a 37.00 
a kc: MRWIN AM irra sree scrim oy 2 $1,489.00 
Cost per cubic yard, exclusive of runway..... 0.21% 


TEAMING AND DuMPING 


481 ‘Teams’ at USGwsianicws wcbinctatal ersten aes 
Foreman 
Laborers. -awanytu mine sanseh a Urata 
Lumber for runways 
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TUNNELING THE RED RIvER to convey water 
into Winnipeg, Canada, is proposed in City 
Engineer Ruttan’s report on the proposed new 
water supply. The tunnel, it is reported, would 
be large enough to carry four 48-in. pipes. 
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Constituent Principles of Highway Maintenance 


Analytical Discussion of the Economics of Highway Administration 


Highway maintenance is an engineering 
problem as important as highway construction, 
but the failure to recognize its significance in 
the past has led many road officials to subordi- 
nate it to the execution of new work. Given 
only secondary consideration, inefficient ad- 
ministration systems have developed, and in 
consequence repair and maintenance have 
suffered: greatly. Some of the defects in the 
highway organizations now in vogue, with 
possible remedies, have been pointed out by 
Dr. L. I. Hewes, chief of economics and main- 
tenance, in a chapter on road management in 
a recent bulletin issued by the U. S. Office of 
Public Roads. The salient points developed 
in the chapter are presented in this article. 

Viewing public roads as a whole, the de- 
fects of small administrative units are con- 
spicuous. The number of men who have more 
or less authority and personal direction over 
road matters in some sections of the country 
is extraordinary. There are at least 150,000 
such road officials in this country. The term 
of office of these men is but a year or two, and 
rotation in the office tends to be the rule. 

It would seem that just where the stimulus 
of effective organization is most needed it is 
absent. The only successful attempts at sys- 
tematic repair and maintenance on record are 
those which have been managed with skilled 
and strong central control. Almost without 
exception, those states which have undertaken 
state aid in any form for road building have, 
in the annual reports, reiterated the necessity 
of removing the responsibility of repair and 
maintenance of such roads from local authori- 
ties. In a number of states this change has 
been made, and the results have been an im- 
mediate improvement. 


TRAINING AND PREPARATION 


A fundamental difficulty with the organiza- 
tion of road systems which must handle repair 
and maintenance appears to be the failure to 
recognize that road work is a trade which re- 
quires training. Training for road work must 
necessarily be obtained at the expense of the 
community. As a rule, road officials are not 
in office long enough to mature their experi- 
ence, and there is a constant economic waste 
of road funds. i 

Repair and maintenance operations upon all 
public roads necessarily extend over a period 
of years. In order to secure effective execu- 
tion of such operations, a comprehensive plan 
for several years is necessary. The work for 
each season must be carefully laid out as far 
in advance as possible. Where maintenance 
work has been seriously undertaken under 
such a system it has responded with gratifying 
results. 

Whatever the civil subdivision may be which 
constitutes the administrative road unit, a good 
road map showing all the various classes of 
roads is desirable. Realizing this, the state 
of New York has undertaken the preparation 
of a comprehensive atlas of all its roads. The 


roads are drawn uniformly % in. in width at 


a scale of 1 mile to 3 in., which allows all cul- 
verts and bridges to be shown. The Ohio 
State Highway Department has issued a bul- 
letin giving maps of all roads in the state by 
counties. In this also the scale is 1 mile to 
3 in. 

It has been found that the best results fol- 
low in an administrative district where the 
mileage of roads is sufficient to warrant the 
continuous employment of a man who is either 


a highway engineer or a competent road- 
builder, whose interest is primarily in road 
work, and who has actual charge of road mat- 
ters in his district. Where such a man is em- 
ployed from year to year he can select com- 
petent men for road work, and he is able to 
plan with confidence systematic improvements 
which must wait for successive annual appro- 
priations. 

Good business organization in road work 
demands an adequate bookkeeping system from 
which unit prices for various classes of work 
can be easily derived. Too frequently road 
accounting presents an accurate list of men 
to whom money has been paid for material or 
labor, but from which no estimate of the cost 
of future repair and maintenance work can be 
established. 

Large jobs of repair are usually most ad- 
vantageously handled by contract. Contract 
work must, however, be done under competent 
inspection and with proper plans, profile, and 
written specifications. Where road work is in 
continuous charge of one competent man it is 
possible for him to gain information from 
time to time which fits him to draw up proper 
specifications, avoid the repetition of mistakes, 
and benefit by the experience of other highway 
engineers. With a rotation of road officials 
there is little incentive for a man to familiarize 
himself with the best practice. He is not in- 
terested primarily in road matters and can not 
be expected to educate himself by reading road 
journals or attending road gatherings. 


VALUE OF TRAFFIC CENSUS 


It will be more and more necessary in the 
future to study the service of various roads by 
accurate traffic censuses. From the investiga- 
tions that have already been made it appears 
that for any civil subdivision a relatively small 
percentage of all the roads carry nearly all the 
travel. In France a traffic unit called the 
“collar” is used. The “collar” is a single horse 
harnessed to a vehicle, and all other traffic is 
reduced to “collars,” including automobile 
trafic. The “collar” has not been adopted in 
the United States as a traffic unit. It is un- 
fortunate, moreover, that no agreement exists 
among road men at present as to the detailed 
method of measuring traffic. Traffic censuses 
were taken in Illinois in 1906-7, in New York 
in 1909, and in Massachusetts in 1909 and 
1912. These censuses counted the travel, but 
no common unit is yet available for reducing 
such traffic data; moreover, the useful ton- 
nage is a most important item from an econ- 
omic standpoint, and it is seldom counted. 

It is well established that an improved road 
draws to itself increased traffic. To de- 
termine the future use of roads, it will be nec- 
essary not only to know the travel passing over 
the road before improvement, but also to know 
the increase of travel which is likely to be 
diverted to the road when it becomes im- 
proved. It is undeniable that travel upon 
roads in general is rapidly increasing numer- 
ically in tonnage and in mileage of travel 
radius. Preliminary study is clearly neces- 
sary, therefore, to enable road men properly 
to relate the first construction costs to proba- 
ble maintenance charges. There should be 
an ample “factor of safety” in road design to 
allow for increased service. 

Under a competent and continuous adminis- 
tration there are many details which can be 
worked out for road betterment which are 
otherwise neglected. It is necessary for econ- 


omy to have the- location of deposits of all 
road material within a road district placed on 
the road map and the quality of each deposit 
carefully recorded. The care of all road ma- 
chinery should be in competent hands, and it 
should be housed and ready for use when the 
season commences. 

A gradual improvement in the grades of 
more important roads can be undertaken with 
an established profile toward which some work 
is directed each year. It is quite probable that 
the prevailing lack of permanent culverts and 
bridges on highways is partly due to the un- 
willingness of short-term road officials to 
spend a considerable amount of money in one 
place. Under a continuous administration 
some permanent culvert or bridge work may 
be undertaken from time to time along a plan 
which contemplates the final improvement of 
all such structures. 


Roap PATROLS 


It is probable that the continuous employ- 
ment of road patrols will be too expensive for 
a large part of our road mileage for some 
time to come. It is equally true, however, 
that on many miles of road the presence of a 
road patrol at a cost of from $60 to $75 per 
month will be economy. It has been re- 
peatedly observed that the work of such road- 
men in preventing water breaks and wash 
from rainstorms and thaws at the right time 
has in itself justified their salaries. A con- 
tinuous maintenance gang of foreman and 
eight or ten men, with suitable equipment, is 
a practical and economical maintenance force 
for county-road systems, aggregating 100 miles 
or more, where a patrol system can not be 
economically established. Whatever system 
of road labor is adopted, the work should be 
organized early in the year and experienced 
men developed and retained as far as possible. 
The foreman of a repair gang on road work 
should have sufficient knowledge and experi- 
ence to justify spending his entire time in 
supervising and planning the work without 
attempting to labor with his men. The ele- 
ment of thoroughness in details, such as com- 
plete cleaning of mud holes, sufficient material, 
swift repair of water breaks, etc., can not be 
overemphasized. There is always enough 
necessary planning and supervision to keep a 
good road foreman occupied. 

The supply of road material for repair and 
maintenance operations should be at frequent 
intervals along all roads—for example, there 
should be sufficient broken stone of both sizes 
and screenings at hand on all macadam roads, 
and the quantity should be known. With the 
increased use of bituminous material it is 
necessary also to supply at convenient inter- 
vals stores of such material, and men work- 
ing on the roads must he furnished with 
necessary small tools, including tar kettles, 
heating apparatus, pouring pots, and_ stiff 
pushbrooms. 


EurRopEAN PRACTICE 


On the Continent of Europe and in England, 
where road repair and maintenance have been 
conspicuously successful, it has been the. prac- 
tice to issue printed instructions covering the 
smallest detail to all men engaged in the work. 
It is also the plan to require reports of work 
done and of quantities of material used at fre- 
quent intervals, and sometimes daily. Roads 
are frequently inspected and accurate esti- 
mates of all quantities of work are made from 
year to year. 

The superiority of the French road system 
is not due to any extraordinary natural condi- 
tions or advantages but to the efficiency of the 
administrative organization. The basis of the 
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administrative system is the publicly main- 
tained Ecole des Ponts et Chaussées, where 
the road engineers and officials receive their 
technical training. A regularly recruited 
corps of trained and experienced men is thus 
constantly in charge of all the important 
roads. The department of the Ponts et Chaus- 
sées constitutes also a centralized source for 
information concerning the roads of the entire 
country. 

For the purpose of road maintenance and 
construction the organization is as follows: 
(1) Inspectors-general of bridges and high- 
ways; (2) chief engineers, charged with the 
work of a “département”; (3) ordinary engi- 
neers and under engineers, charged with an 
“arrondissement”; (4) principal and ordinary 
conductors, charged with a subdivision; and 
(5) cantonniers, each having from 4 to 7 km. 
(2.48 to 4.05 miles) of highway under his im- 
mediate supervision. 


Lonc-TErm Bonp Issuers 


Repair and maintenance have not been given 
sufficient consideration in planning road 
finances. It is becoming yearly more com- 
mon for local authorities to issue bonds for 
road construction. During 1912 nearly $29,- 
000,000 in bonds were issued by counties and 
road districts in various parts of this country 
for road construction. It is not uncommon to 
find such bond issues planned with no pro- 
vision whatever for a repair and maintenance 
fund. No road can last thirty years without 
repairs, yet thirty-year bonds are repeatedly 
issued for road improvement. Many such 
bonds are commonly issued and the proceeds 
are expended without adequate supervision 
and under weak administrative systems. 
Every bond issue should be accompanied by a 
direct tax providing sufficient revenue for the 
upkeep of the roads with a good margin of 
safety, and the term of the bond should in 
most cases be shortened. Without doubt a 
serial bond is to be preferred to the form of 
retirement by a sinking fund. Serial bonds 
may be arranged so that the annual tax for 
interest and retirement is constant. With a 
serial bond there is a large percentage of the 
road actually paid for before it is worn out, 
even with long-term issues. 

There is apparent contradiction in the cost 
figures for repair and maintenance exhibited 
by expenditures on roads of a given class as 
a whole and the figures obtained by analysis 
of the cost of necessary operations on a given 
type of road. On a 15-ft. bituminous-mac- 
adam road an-annual charge of $700 a mile is 
nearly 8 cents per square yard. Although the 
cost of repair and maintenance in a number 
of states has recently averaged above $700 per 
mile, the annual cost of necessary operations 
for repair and maintenance by any given 
method is, on an average, considerably less 
than 8 cents per square yard. 

The apparent contradiction is partly due to 
the excessive accumulation of resurfacing 
charges. Resurfacing charges have recently 
risen because of the particular phase of aver- 
age-life period reached by a large mileage of 
state-aid roads and because of the emergency 
created by the new traffic, and especially be- 
cause of the combination of the two causes. 
Insofar as surface treatment is absolute main- 
tenance this present prevalent method of 
maintenance includes the former annual re- 
surfacing charges which ordinary macadam 
roads required, but which for a number of 
years did not appear in the repair and main- 
tenance figures. The present years are, there- 
fore, bearing not only accumulated past re- 
surfacing charges, but are now carrying an 


increment of annual cost directed toward the 
increased life of the new road surface. 

Assuming the cost of bituminous resurfac- 
ing at 72 cents per square yard; the annual 
maintenance, including necessary surface 
treatment, 4 cents; and the total annual charge 
for ordinary macadam resurfacing and main- 
tenance, 5.9 cents; then if it is desired to find 
the number of years, m, a road reconstructed 
with bituminous surface must wear, without 
resurfacing but with regular surface treat- 
ment, in order that the total annual cost shall 
be the same as for ordinary macadam, there 
results from the above figures (72 + 4n) + 
n = 5.9, whence n = 37.9 years, nearly. 

It is possible that considerable resurfacing 
of bituminous-bound macadam roads will ulti- 
mately be necessary, and in this case there will 
be a rise in repair costs when the life period 
is reached. Maintenance of roads subject to 


REPAIR AND MAINTENANCE EXPENDITURES IN CONNECTICUT, 
Massacuusetts, New Jersey, New York AND 
RuopeE Is_Lanp 


Appropria- 
tions and Rate per 
expendi- mile 
tures* 
+$60,777 $100 
624,696 294 
1,024,096 310 
1,441,502 369 
2,880,272 558 
4,336,201 778 
4,491,718 §726 
5,945,084 814 
Averaseforeigntiyeatsme kis 9) se. oats 608 


“Includes town and county expenditures and available 
automobile revenue. 

+Connecticut, New Jersey, and New York not included. 

tConnecticut not included. 

§New York appropriation late; repair and maintenance 
work not completed. 


automobile traffic tends more and more to be- 
come absolute maintenance. Not only does 
automobile traffic become increasingly destruc- 
tive to a road which is once allowed to ravel, 
but the reaction of road surfaces upon auto- 
mobile tires is now a matter of much impor- 
tance. 

Increased knowledge is needed of the actual 
relations between first cost and interest and of 
the life, service, and maintenance cost of the 
road. In future investigations for determin- 
ing the type of road to be built it will be neces- 
sary to provide for large increases in traffic 
and carefully to balance the advantages of 
long-lived road surfaces, such as concrete and 
brick, with low maintenance costs, against the 
lower-cost road surface, with little or no fac- 
tor of safety and immediate and high main- 
tenance costs. 


A Concrete Brince of four 23-ft. spans, 
resting on concrete piles 30 ft. in length, that 
had been driven through fine sand and silt 
with the aid of two I-in. jets, was damaged 
during a typhoon which scoured out the chan- 
nel to such an extent that bent No. 2 settled 4 
in. and bent No. 3 settled slightly over 3 ft., 
but the damage was repaired without recon- 
structing the bridge, according to the “Quar- 


terly Bulletin’ of the Philippine Bureau 
of Public Works. Large stones and sand 
were used to refill part of the stream 


about the two bents that had settled. Four 
25-ton screwjacks were placed on the larger 
stones and the bridge floor slabs raised until 
they were brought up to their original eleva- 
tion. The old caps were then built up with 
concrete and after forty-eight hours were 
allowed to carry the floor loads. Heavy trac- 
tion engines have run over this bridge since, 
causing absolutely no settlement; the skin fric- 
tion on the piles due to the added weight of 
sand and stone at their base seemingly pre- 
vented any further movement of the bridge 
structure, 


Rules Governing the Presentation 
of Papers 


In accord with the motion passed at the 
annual meeting of the society, “that a com- 
mittee of five be appointed to consider an im- 
provement in the methods of the presentation 
of papers before this society,” the board of. 
directors of the American Society of Civil 
Engineers has given careful consideration to 
the matter referred to it. 

The board has inquired into the current 
practice of other societies, invited individual 
suggestions, and has made the following 
recommendations, largely in accord with past 
practice, but embodying some new features, 
and outlining a course of procedure for the 
convenience of authors and of the publication 
committee : 

1. That every author be required to submit 
with his paper a summary giving the objects 
of the paper, a brief digest of its contents, and 
a concise statement of its conclusions, to be 
read at the meeting, so that members who have 
not been able to read the paper in advance of 
the meeting may be able to follow and take 
part in the discussion of it. 

2. That the author of each paper approved 
for discussion be urged to present his paper 
in person, or to give at ieast thirty days’ notice 
to the secretary that he will not be able to do 
so, and to suggest the name of some member 
to present it for him who is especially fitted to 
do so. In default of such suggestion by the 
author the secretary must either find some 
such substitute or present the paper himselt. 

3. That the author be requested to submit 
with his paper a list of members of the society 
especially qualified to discuss his paper, and 
that the secretary call the paper particularly 
to the attention of these members and others 
locally known to him as likely to be interested 
in it, urging them to be present at the meeting 
at which the paper is to be presented and to 
join in its oral discussion. 

4. That the secretary, in ca‘ling the atten- 
tion of local members to the paper, give, so 


. far as practicable, the names of men who have 


promised to discuss the paper upon the even- 
ing of its presentation. 

5. That subjects of similar nature be 
grouped, for discussion at the same meet:ng, 
when possible. 

6. That papers lending themselves to oral 
discussion be given preference for presentation 
at the semi-monthly meetings, and that papers 
better suited to written discussion be printed 
in the “Proceedings,” without oral discussion, 
so far as practicable. 

7. That oral discussion be encouraged in 
every way possible. 

8. That the printing of his discussion be 
optional with the speaker. 

9. That the use of lantern slides for illus- 
trating papers and discussions be encouraged, 
and that, when considered advisable by the 
publication committee, the society have slides 
made, at its expense, from photographs or 
plans furnished by the author. 


Forests AS INVESTMENTS, in connection with 
the general care of watersheds, were discussed 
by Mr. E. R. Peck in a paper presented at the 
annual meeting of the American Waterworks 
Association. The forester of the Hartford 
Water Department has estimated that an area 
reforested with white pine should net 4 per 
cent compound interest on the investment in 
50 years. This calculation is based on a cost 
of $7 per acre for planting and a land value 
of $12 per acre, proper allowance being made 
for care and taxes. 
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Bridges, Viaducts and Embankment Work of the 
New York Connecting Railroad 


Principal Structure Is the Four-Track 1000-Foot Steel Arch Span across Hell Gate 


The four-track New York Connecting Rail- 
road, about 1o miles long, joins the terminus 
of the New York, New Haven & Hartford 
Railroad in the Borough of the Bronx, New 
York City, with the Pennsylvania Railroad 
system at the Brooklyn Borough line on Long 
Island and forms a link in the all-rail route 
from New England and Canada to the south, 


Port Mo 


Y THE BRONX 


SS! 


} Little Hell SAX 
{ Gare. 


~~ 


NS 
iNe 
§ 

8 


Location of Bridges and Viaducts 


west and southwest. Two tracks will be de- 
voted to the passenger traffic, which will be 
accommodated by the present Pennsylvania 
tunnels under the East and North Rivers and 
Manhattan Island, while the other two will be 
used for freight and will connect with the Bay 
Ridge ferry, which runs to the Greenville, 
N. J., yard of the Pennsylvania Railroad. The 
work is unusual on: account of the magnitude, 
variety and special features of construction, 
and the des:gn and dimensions of some of the 
structures, chief of which is the Hell Gate 
arch, are of much greater span and capacity 
than that of any similar bridge. 

The estimated total cost of the connecting- 
railroad construction is about $25,000,000, and 
it is hoped that it will be ready for operation 
in the summer of 1915. The southern divi- 


sion of the work, about 6% miles long, in- 
cludes a tunnel about 3500 ft. long to East 
New York, several overhead street bridges 
and a considerable amount of grading. The 
East River Bridge division, about 3% miles 
long, extends from Port Morris to Stemler 
Street, Long Island City, and will require 
about 90,000 tons of steel and 450,000 cu. yd. 
of concrete. The great towers of the main 
span, the high concrete viaduct piers and some 
of the retaining walls are of unusual dimen- 
sions and design. Mr. Gustav Lindenthal is 
the chief engineer and designer of all the 
structures and is in charge of their construc- 
tion, which was commenced in July, 1912. 


Heit Gate ArcH SPAN 


The steel arch span will have two trusses 
977.5 ft. long from center to center of skew- 
back bearings, supported on towers 1087.5 ft. 
apart on centers. The 100 x I4o-ft. towers 
are located on shore 18 ft. above the high- 
water line and are 250 ft. in extreme height 
above mean-low-water level. At the Long 
Island end the foundations are carried to solid 
rock at a depth of about 15 ft. below the sur- 
face, and at the Wards Island end the footings 
are supported on reinforced-concrete caissons, 
to be sunk by open excavation and by pneu- 
matic-caisson work, if necessary, through top 
soil, boulders and sand to ledge rock at a prob- 
able depth of about 140 ft. below mean-low 
tide. 

The main trusses, 60 ft. apart, are 145 ft. 
deep at the skewback and 45 ft. at the crown, 
and are divided into twenty-three panels each 
42% ft. long. They support a single roadway 
platform 93 ft. wide with four tracks between 
the trusses and two sidewalks on cantilever 
extensions beyond the trusses. The trusses 
rise to a height of 300 ft. above the water, 
while the roadway has a clearance of 135 ft. 
above mean high water and is suspended from 
the lower chords of the seventeen center panels 
and passes through the trusses for three panels 
at each end of the span. The trusses are pro- 
portioned to carry on each track two 860,- 
000-lb. locomotives followed by a trainload of 
6000 Ib. per linear foot. 


LirtLte Hett GATE AND Bronx Kitt BrInGEs 


Little Hell Gate channel, which connects 
the East and Harlem Rivers and separates 
Wards and Randalls Islands, is crossed by a 
four-span bridge with two lines of bowstring 
trusses 60 ft. deep, 62 ft. apart on centers and 
55 ft. in the clear above mean-low water. The 
end abutments consist of two piers united by 
diaphragms transverse to the bridge axis. 
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Heil Gate Arch Span with Very Deep Caisson Foundation 
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They are seated on’a single continuous foot- 
ing, I-shape in plan, and are surmounted by 
rectangular towers on both sides of the tracks. 
The intermediate piers consist of pairs of cy- 
linders 24% ft. in diameter at the base and 
about 100 ft. high from the surface of the 
water to the bridge seats. 

The man trusses of the Bronx Kill Bridge 
will be installed as fixed spans, to which coun- 
terweights and operating mechanism may later 
be added to transform them to bascule leaves. 
Each pier has two shafts that are connected 
by transverse diaphragms at right angles to the 
bridge axis, although the channel is oblique to 
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Wards Island Viaduct Pier 


the axis. The abutments each consist of four 
piers connected by longitudinal and transverse 
concrete walls forming an inclosure suitable 
for the installation of the counterweights and 
operating mechanism for the bascule leaves. 


VIADUCTS 


Through the whole of the East River Bridge 
division the four tracks are carried at a height 
of from about 20 to 135 ft. above the surface 
of the ground and between the bridges are 
supported on viaducts of two different types. 
Across Randalls and Wards. Island and in the 
contiguous portions of the Bronx and Long 
Island the viaducts have plate-girder super- 
structures carried on concrete piers. At both 
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ends of the division the viaducts are virtually 
high causeways consisting of selected and 
especially prepared earthfill retained between 
high longitudinal side walls and the abutments 
of short spans carrying the tracks over inter- 
secting low-grade streets. The overhead cross- 
ings are made with concrete arches, plate- 
girder spans or lattice-girder spans, concrete 
piers and abutments. The steel spans are of 
moderate dimensions and ordinary construc- 
tion, with two lines of girders for each track. 

From its terminus at the New York, New 
Haven & Hartford Railroad station to East 
138th Street the two double tracks of the 
Bronx viaduct are carried on earthfills 31.25 ft. 
apart in the clear, which are made between 
concrete retaining walls built on a lower em- 
bankment about 160 ft. wide at the bottom and 
28 ft. in average height. One side of the em- 
bankment is sloped and the other side is re- 
tained by a buttressed concrete wall with a 
pile foundation. On top of this embankment, 
between the two pairs of retaining walls and 
outside of one pair, there are two pairs of low- 
level tracks of the New York, New Haven & 
Hartford Railroad, making a total of eight 
lines in this section of the work. The re- 
mainder of this viaduct consists of plate-girder 
spans on concrete piers with pairs of cylinder 
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drel walls or ribs continuous with buttresses 
integral with the hollow abutment and ex- 
tended down to the wide footings that connect 
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One End of Four-Span Bridge across Little Hell Gate 


inclosed between concreted walls except in 
street crossings, all of which are oblique to 
the axis of the railroad. The concrete arch 
spans are from 60 to 75 ft. long and are 


Piers with Concrete Footings for Spans over Streets, Eastern Viaduct 


caisson foundations. Where the low-level 
tracks diverge from the alignment of the high- 
level tracks the latter converge to their normal 
spacing and the construction changes from 
two double-track viaducts to a single four- 
track viaduct extending to the Bronx River 


skewed; but the abutments of the steel spans 
are made square, and the length of the span 
is increased sufficiently to afford clearance for 
the full-width streets. 

The full-centered arch spans have solid con- 
tinuous. rings carrying six longitudinal span- 


Structures on East River Bripce Division or New Yorek ConNectinc RatLroap 


Height 
above 
Length of Total f ground or 
Name of structure Type Spans spans, ft. length, ft. B Foundations . water, ft. 
en t 
Hell Gate Bridge Steel arch 1 ee ee deep Ie SN tesae i ree 
Little Hell Gate Bridge Steel deck truss 4 292% Ya aissons 94 
Bronx Kill Bridge pe ee aA eee 70 and 175 490 Pe t 60 
. Retai an ate aissons, piles ; 
Bronx Viaduct areca cara ee paeoad2 YS PAZ00 aa open nits 4 20t065 
Randalls Island Viaduct Plate girder spans 24 80 to 87 1960 Open pits 65 to 90 
Wards Island Viaduct Plate girder spans 30 82 to 93 2650 Open pits 105 to 130 
Long Island Viaduct Chiefly plate girder spans 72 to 90 2868 Open pits 60 to 120 
Retained fill, concrete : 
Eastern Viaduct arches and lattice gir- 60 to 126 3480 Open pits 35 to 60 
der spans 
Bridge. The same type of structure is ex- 
tended across Randalls Island to Little Hell BCA incioed 
Gate Bridge, with the pier foundations built in 99,75'-+[-----9440!---be 70! en == 751 a 


open pits excavated from 2 to 25 ft. to rock. 
Wards Island viaduct connecting the Hell Gate 
and Little Hell Gate Bridges and the Long 
Island viaduct are similar to the Randalls Isl- 
and viaduct. 

The Eastern viaduct extends from Lawrence 
Street to Sumler Avenue, connecting the Long 
Island viaduct with the southern division of 
the railroad at a point where the tracks of the 
latter are carried ‘on an’ embankment with 
sloping sides, which consists mainly of a fill 
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the transverse walls and receive a heavy sur- 
charge from the fill. The abutments for the 
steel spans serve also as retaining walls for 
the ends of the fills between streets and are of 
similar buttressed construction, with very wide 
and shallow continuous footings. 


Tsuin HicgH RETAINING WALLS 


The fill on which the tracks are supported is 
retained between vertical longitudinal side 
walls of unusual proportions. They are spaced 
about 60 ft. apart in the clear and their heights 
vary from about 35 to 60 ft. The outer face 
is battered 1:40 and the inner face is vertical. 
The thickness at the top is 3 ft. 9 in. The 
footings are generally 4 to 6 ft. below the sur- 
face of the ground on a hard stratum of sand 
and gravel. At intervals of 60 or 7o ft. the 
walls are connected by vertical transverse walls 
reinforced by rods extending into the longi- 
tudinal walls, and are connected to the latter 
by heavy vertical concrete fillets tending to 
serve as horizontal braces. 

The longitudinal walls are reinforced by a 
system of vertical and horizontal 8-in. channels 
10 ft. apart in both directions, which are bolted 
together at intersections where they are. 
pierced to receive the screw ends of 1¥%-in. 
horizontal tie rods extending across the full 
width of the structure and connecting the 
longitudinal walls. The horizontal rods are 
made in three sections, with the middle sec- 
tion connected to the end sections by sleeve 
nuts just inside the wall masonry, which allow 
the end pieces to be built in with the walls and 
the center sections to be added when the filling 
is put in place and the rods are inclosed by 
solid masses of protecting concrete. The fill is 
to be of selected material, thoroughly rammed 
or otherwise compacted in shallow crowned 
layers. It will be drained through batters of 
loose stone leading the flow to weep holes, 
This portion of the viaduct thus consists sub- 
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Bronx Kill Bascule Bridge, Temporarily Installed as Fixed Spans 
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Bridges over Single and Double Street Intersections, Eastern Viaduct 


stantially of a row of large, thin concrete 
boxes filled with earth on which the tracks are 
laid. 

Work on the East River division was com- 
menced in July, 1912, has been vigorously 
prosecuted and is now in progress on all parts 
of the lines. 


Section at Station 19+86.12 
El +54.27 
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for the Wards and Long Island viaduct have 
been awarded to the American Bridge Com- 
pany and that for the other viaducts and truss 
spans has been awarded to the McClintic-Mar- 
shall Construction Company. The contracts 
for the masonry and foundations commencing 
at Port Morris have been awarded to Arthur 
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Controlling Cherry Creek Floods, 
Denver 


Large regulating reservoirs are recom- 
mended by the Cherry Creek Flood Commis- 
sion for the control of the recurring floods in 
Denver, Col., caused by periodical high water 
in Cherry Creek, the Platte River and its 
tributaries. In a typewritten report of 225 
pages, accompanied by numerous maps and 
photographs, the commission of engineers, 
Messrs. A. Lincoln Fellows, J. B. Hunter and 
C. A. Trease, outlines and discusses fifteen 
plans. The plans include all the suggestions 
which were proposed after the flood of July 
14, 1912, described in the Engineering Rec- 
ord of July 20, page 68, and July 27, page 92. 
The first four plans contemplate using the 
present channel, either as now, in part, con- 
structed, or with paving; increasing the 
height of the walls or the width of the chan- 
nel, or both, or by the construction of reser- 
voirs or other means of regulation. Plans 5, 


6 and 7 propose the diversion of flood waters 
from Cherry Creek to the South Platte River 
by another route than the present channel. 
Plans 8 and g contemplate the diversion of 
these flood waters for 


irrigation purposes 
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Solid Fill with Buttressed Retaining Walls, Piers and Abutments for Bronx Viaduct 


The design and construction are under the 
direct supervision of Mr. O. H. Ammann, as- 
sistant chief engineer, and Mr. H. W. Hudson, 
engineer of foundations and masonry. 

The contracts for the fabrication and erec- 
tion of the 19,000-ton Hell Gate arch span and 


McMullen, to the Patrick Ryan Construction 
Company, Inc., to the Snare & Triest Company 
and to the T. A. Gillespie Company. These 
contracts include the substructures and foun- 
dations of all the bridge and viaduct spans for 
the improvement. 


through the construction of storage reservoirs 
located at points more or less distant from the 
Cherry Creek channel. Plans 10 and II pro- 
vide for the construction of a number of res- 
ervoirs or regulating dams along Cherry 
Creek and its tributaries. Plan 12 provides 
for both regulation and the subsequent con- 
struction of a concrete conduit to be used as 
a sewer. Plans 13, 14 and 15 contemplate the 
construction of a reservoir of greater or less 
capacity practically at the eastern city 
boundary. 

After studying the different plans the com- 
mission has come to the conclusion that the 
best method of controlling the situation and 
eliminating the dangers to the greatest pos- 
sible extent is by the construction of a single 
large reservoir rather than a number of small 
ones. Plans have been adopted for a reservoir 
with a capacity of approximately 12,000 acre- 
ft., necessitating a dam with a spillway ap- 
proximately 42 ft. above the bottom of the 
outlet chambers, the spillway occupying ap- 
proximately 200 ft. of the length of the dam. 
Beyond the spillway and extending the entire 
length of the dam, with the exception of the 
spillway, would be an embankment of earth 
with a crest elevation 10 ft. above the crest 
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of the spillway. This dam would be so con- 
structed as to permit of its being increased in 
height, should this appear desirable. Such a 
dam is estimated to cost $500,000, while an 
equal sum would be required for land. 


CONCLUSIONS 


As a result of its study the commission 
came to the following conclusions: 

1. Conditions on Cherry Creek are such 
that floods as great as those that have already 
occurred appear to be certain, while very 
much larger floods may be expected. 

2. A flood with a maximum discharge of 
60,000 cu. ft. per second lasting for a short 
time is considered not only possible but even 
probable. 

3. Damages resulting from great floods of 
equal volume must necessarily increase with 
the growth of the city unless proper control 
is provided. 

4. Direct losses in the past resulting from 
floods have aggregated hundreds of thou- 
sands of dollars, with a loss of some lives. 

5. Losses from floods in the future cannot 
be estimated even approximately, but are cer- 
tain to amount to millions of dollars and the 
loss of many lives if remedial plans are not 
adopted. 

6. Flood losses in other portions of the 
valley of the South Platte and Cherry Creek 
districts, both of vital importance to Denver, 
will become more and more serious as prop- 
erty becomes more valuable. 

7. Relief through other methods than reg- 
ulation by reservoirs is not recomnended for 
the reasons that such methods would give lo- 
cal relief only, that increase in size of the 
present channel for diversion would prove in- 
efficient, or else that the construction of suf- 
ficiently effective channel and walls would 
prove to be too costly. 

& It is entirely feasible to regulate the flcod 
waters by the construction of one or more 
regulating reservoirs. 

g. Favorable reservoir sites of sufficient ca- 
pacity to regulate the floods of Cherry Creek 
exist within reasonable distances above the 
city limits. 

10. One reservoir site of sufficient capacity 
and fulfilling all essential requisites has been 
selected. 

11. The reservoir site selected is capable of 
furnishing all the protection required when 
the channel is put in good condition, as recom- 
mended. 

12, If this reservoir had been constructed 
and the channel had been properly cleared of 
obstructions at the time of the flood of July 
14, 1912, no damage would have resulted. 

13. To supplement the construction of a 
regulating reservoir the channel through the 
city should be made efficient by the comple- 
tion of the walls and removal of pile bridges 
and other obstructions, and such work as 
would be necessary to make the stream capa- 
ble of carrying from 10,000 to 12,000 cu. ft. 
per second without endangering the city. 

14. Flood prevention by storage reservoirs 
is possible and practicable and is recommended 
because (a) flood relief would benefit resi- 
dents in the South Platte valley as well as 
in the city ef Denver; (b) the regulated sup- 
ply would be more easily diverted and con- 
trolled for irrigation and other beneficial uses 
than would be the case with unregulated flood 
flows; (c) public health would be safeguarded 
against dangers arising from the insanitary 
conditions caused by overflow; (d) a prop- 
erly constructed regulating reservoir would 
appear to satisfy all conditions. 

15. Regulating reservoirs have been built in 
other countries with such success in prevent- 


ing floods that other large works of this kind 
are now under construction and many more 
are contemplated. 

16. Regulation of Cherry Creek floods by 
regulating reservoirs has been pronounced 
practicable by a number of eminent engineers 
to whom the problem has been submitted. 

17. The estimates of cost of regulating res- 
ervoirs, while of more or less preliminary na- 
ture, are believed to be conservative and show 
that Denver may be completely protected 
against floods at a cost of not more than 
$1,000,000. 

18. The construction of the proposed regu- 
lating reservoirs and the control of the floods 
are urged for the following reasons: (a) Had 
such a reservoir been constructed at the times 
of the occurrence of the great floods in the 
history of the city, losses aggregating at least 
hundreds of thousands of dollars would have 
been saved; (b) it would insure protection 
against damages aggregating in the future 
many times the cost of the reservoir, as well 
as the saving of lives; (c) it would increase 
the value of property along the Cherry Creek 
valley in the city of Denver and in the low- 
lands along the South Platte by an amount 
much more than the cost of the regulating 
reservoirs; (d) the cost is small when the to- 
tal property loss by flood damage within the 
next few years in all districts that would re- 
ceive benefit is considered; (e) the value of 
the water acquired by the city would go far 
toward compensating for the cost of the res- 
ervoir; (f) the value of the proposed reser- 
voir as a park site is material and should have 
due weight. 


RECOMMENDATIONS 


The flood commission makes the following 
recommendations: 

t. The channel of Cherry Creek within the 
city limits, where not yet acquired by the city, 
should be acquired’ as soon as possible. 

2. The werk of walling the creek from 
Blake Street to its mouth should be pushed as 


‘rapidly as possible. 


3. All wooden bridges on the creek should 
be removed as soon as practicable and re- 
placed by bridges giving the freest and larg- 
est possible waterway. 

4. The proper grades of Cherry Creek, as 
now established, should be recognized and the 
channel should be brought to that grade from 
Downing Street to the mouth of the creek at 
once, and as soon as practicable from Down- 
ing Street up the creek to the city limits. 

5. The channel should be made clean and 
kept clean, any one responsible for placing ob- 
structions in the creek being severely pun- 
ished. 

6. The Logan Street bridge should be re- 
placed by a new bridge at once, and the 
Eleventh Street and Thirteenth Street bridges 
should be replaced as soon as practicable. 

7. The creek should be walled as soon as 
possible from Downing Street to the city 
limits and the channel excavated to grade. 

8. The city should acquire title to the chan- 
nel of South Platte River at once, and exer- 
cise police supervision over this channel, as 
well as over the Cherry Creek channel. 

g. The pile bridges across the South Platte 
River, particularly those near the Twentieth 
Street viaduct, should be replaced by modern 
steel-truss bridges without delay. 

10. The city should issue bonds to the 
amount of $1,000,000, this amount to be used 
in the construction of a reservoir in accord- 
ance with the preliminary plans outlined in 
the report. 

11. A competent board of hydraulic engi- 
neers should: have charge of the preparation 


of the detail plans and specifications and the 
construction of the proposed dam, and noth- 
ing should be done in this connection that does 
not meet with the approval of the board. 

12. A thorough study should be made of the 
South Platte River also, with a view to the 
regulation of floods on this stream and its 
tributaries. 


Work Done AND CONTEMPLATED 


A considerable amount of work has already 
been done in repairing the Cherry Creek 
channel in consequence of the flood of July 
14, 1912. Repairs to bridges, sidewalks, curb 
and gutter, electric-light standards, water 
pipe and sewers and the removal of weir walls 
total about $15,000. It is proposed to recon- 
struct three bridges at a cost of $14,100. The 
reconstruction of walls, the building of a con- 
duit to replace the Farmers and Gardeners 
ditch and the Cherry Creek paving cost $58,- 
ooo. Four reinforced-concrete bridges of the 
mushroom type have recently been completed 
at a acost of $68,900, while the contract for 
walling and excavating the lower end of the 
stream calls for an expenditure of $144,500, 
making a total of $300,500. 


Piecework System in Philippine 
Road Construction 


The American road contractor who is beset 
with the terror of strikes and the frailties of 
foreign labor and finds his weekly payroll 
climbing in direct proportion to the increasing 
inefficiency of his help will feel a bit of envy 
mingled with sympathy for the road superin- 
tendent of the province of Iloilo, whose work - 
is described in the “Quarterly Bulletin” of the 
Bureau of Public Works of the Philippine 
Islands. 

The Philippine authorities began in the fall 
of 1912 to build the Duenas-lambunau-Viejo 
Road. At first the work was done by day 


_ labor just as any contractor in the States 


would do it. The wage paid the laborer was 
50 centavos (25 cents) per day, and the labor 
was plentiful at that price. Such conditions 
savor of a contractor’s millennium. 

But the paths of the road superintendent 
were not always to be strewn with roses. As 
the work progressed away from the towns of 
Duenas and Passi, the laborers, failing to ap- 
preciate the pastoral life, became fewer and 
fewer. Finally, by December, only a mere 
handful remained. 

Then it was that the piecework, or “pa- 
quiao,” system, by which the laborer received 
a given amount per station, was installed. This 
system, common in our American stone quar- 
ries and timber enterprises, was to some extent 
familiar to the Filipino, as it had been ap- 
plied to making “rice paddy” fills, but as to 
making earth cuts and fills in road work, under 
contract, the natives were densely ignorant. 
The intricacies of sloping and ditching were 
beyond their comprehension. However, as the 
cost of the work had reached the point where 
the superintendence and surcharges exceeded 
the actual cost of moving the dirt something 
had to be done. 


DIFFICULTIES OF TASK LABOR 


After the work was put on a piecework 
basis the natives, at first, left their slopes ir- 
regular and rough, and wasted the dirt they 
had agreed to haul. They would not complete 
the ditches as specified. Being by nature sus- 
picious, they would wrangle about the price 
and would not trust the engineer’s figures. But 
the authorities persevered. Hubs were driven 
at each break in the cross-section of the road- 
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bed and all excavations were marked with ref- 
erence to the top of the stake. The final ele- 
vation of breaks in the fills were marked by 
notches on stakes of sufficient length to reach 
to the proposed surface. It was not sufficient 
to take the elevation of the top of the ground 
and mark the cut or fill in figures on stakes, 
because the stations were scarcely ever fin- 
ished consecutively and discrepancies which 
would arise because of the unevenness of the 
ground and of the ignorance of the natives 
would produce irregularities in the roadbed. 

The new system has been a success. Only 
enough day laborers are retained to do the 
stations that are too small to “paquiao.” Even 
borrowing for fills is done by the new plan. 
Care is taken, however, not to allow more 
than one section or station of fill to be incom- 
plete when a cut is finished. The partly com- 
pleted station is finished by day labor. Under 
the new scheme the cost of earthwork has 
fallen to the original day-labor prices, and the 
men come from all directions, work early and 
late, and at times of moonlight work far into 
the night. In this way the best of them some- 
times earn as much as 40 cents a day. 

That the Filipino “taos” has many points of 
similarity to his American prototype may be 
gleaned from the road foreman’s report that 
“a little jollying goes a long way with the 
men.” They are also quick to seize an oppor- 
tunity to skimp their work and to claim that 
they are making less than ordinary day wages, 
even though that be the munificent sum of an 
Irishman’s two-bits. 


Book Reviews 


“Reinforced Concrete Wall Footings and 
Column Footings,” by Prof. Arthur N. Tal- 
bot, has just been issued as Bulletin 67 of the 


Engineering Experiment Station of the Uni- - 


versity of Illinois. This bulletin gives the 
results of tests to destruction of a large num- 
ber of full-sized reinforced-concrete wall foot- 
ings and column footings. The tests give the 
first experimental data of the action of struc- 
tural footings of this kind under conditions 
approximating those which exist in actual 
structures. The results of the tests are util- 
ized in the discussion of formule and prin- 

‘ciples for the design of reinforced concrete 
wall footings and column footings. (Urbana, 
Iil., Engineering Experiment Station.) 


Diz BERECHNUNG DER WARMWASSERHEIZUGEN. By H. 
Recknagel, Diplom-Ingenieur. Paper, 9% x 13%; 71 
pages; 31 figures. Munich, R. Oldenbourg. $6 net. 

This book deals with the calculation of hot- 
water-heating installations. It contains ex- 
amples of thirty-eight different installations. 
New formule have been developed for the 
determination of the necessary temperature 
of the water for different temperatures of the 
air. For the friction losses in the pipes the 
coefficients of Rielschel are employed. 


ScuHtrrsturbiInen. Second Edition. By Dr. G. Bauer 
and O. Lasche, assisted by E. Ludwig. Cloth, 5% x 8%; 
442 pages; 254 figures and 6 inserts. Munich, R. Olden- 
bourg, 16 M. net. 

This book is a very complete treatise on 
steam turbines used as motive power for ships. 
The first 117 pages deal with methods of cal- 
culating and dimensioning various parts of 
such turbines and the following 100 pages 
contain valuable information as to design and 
general arrangement. Among other subjects 
discussed are shafts and propellers, conden- 
sers, arrangement of turbines in ships of va- 
rious types, gearing, etc. The last 30 pages 
contain tables useful to the designer. 


AUTOMATISCHE REGISTRIERWAGEN (Automatically Reg- 
istering Scales). By O. Tauchnitz. Cloth, 6% x 9!; 124 
pages; 118 figures in the text and on inserts. Munich, 
R. Oldenbourg, $8 net. 

The subject is divided into a general intro- 
duction, dealing with the principles and de- 
tails of automatically registering scales, and 
two main sections. Section 1 deals with 
scales for weighing grain, beets, coal, flour, 
oil, sugar, coffee, etc., and Section 2 describes 
various types of scales for fluids, cement, 
sacked materials, etc. The book is well writ- 
ten and the line of thought is easy to follow. 
It embodies the long experience of an expert 
who has specialized in the design of scales 
Theories are eliminated as much as possible, 
and the book is so clearly written that it can 
be readily understood even by men not tech- 
nically trained. 


MecHanicac Drartinc. By H. W. Miller, M.E. 
Leather, 514 x 714; 219 pages; 224 figures. Peoria, IIL, 
Manual Arts Press, $1.50 net. 

This text is intended to be used in a regular 
college course and presupposes a knowledge of 
geometrical drawing such as is given in most 
high and manual training schools. The treat- 
ment of the subject is altogether unique, but 
thoroughly practical in every way. 

Detailed instructions are given to the stu- 
dent as to the use of drafting instruments and 
materials, besides useful suggestions in regard 
to most of the conventions resorted to in the 
drafting room. 

One special feature of importance in any 
course of this kind, but which has hereto- 
fore been neglected in other texts, is the in- 
sertion of numerous half-tone illustrations of 
the principal machine tools used for finishing 
machine parts, so that the student can design 
these parts with a knowledge that they can 
be properly finished in the shop. 

Another good feature is the elimination of 
much copy work on the part of the student, 
as the book is designed to give only the neces- 
sary essentials, and so requires the student to 
do some thinking for himself. The principles 
of orthographic, isometric and oblique pro- 
jection are all clearly but concisely explained 
and illustrated. The author probably has 
some reason for omitting the subject of gear- 
ing, which usually forms a part of most texts 
on drafting. Machine or free-hand sketching 
is given consideration, and the reviewer con- 
curs with the author’s opinion that this is of 
unequaled value to engineering students. 

On the whole the book has unusual merit 
for the purpose for which it was written. 


DescriPtivE GEOMETRY. By H. W. Miller, M.E. 
Leather, 5% x 71%4; 128 pages; 149 figures. Peoria, IIl., 


Manual Arts Press, $1.50 net. 


The subject matter of this book is divided 
into three parts. Part 1 takes up the problems 
of the point, line and plane; Part 2 covers 
lines and surfaces, tangent planes to curved 
surfaces, intersection of plane and curved 
surfaces, development of surfaces of cones 
and cylinders; Part 3 covers shades and shad- 
ows and perspective. There are eight sheets 
of quiz problems inserted at the end of the 
book. 

The author has laid particular stress on the 
importance of the careful analysis of prob- 
lems. The first principles are well explained 
and illustrated by pictorial representations. 

Failure to insert problems throughout the 
text to be worked out by the student deserves 
especial criticism. There also seems to be no 
good reason for presenting the subject mat- 
ter of descriptive geometry written in the 
first angle, since a very large percentage of 
the American drafting rooms use the third- 
angle projection in their drafting work. 


-\tn COMPRESSION aND TRANSMission. By Prof. H. J. 


Thorkelscn, Associate Professor of Steam and Gas Engi- 
neering, University of Wisconsin. Cloth, 6 x 9; 207 pages; 
143 figures. New York, McGraw-Hill Book Company, 
$2 net. 


Some idea of the extensive field embraced 
by the text of this book may be gathered by a 
survey of the subjects of the chapters, which 
are as follows: Characteristics of air, defini- 
tions, equations, diagrams, air at pressures be- 
low atmosphere, air at low pressures, piston 
compressors, efficiencies, multi-stage compres- 
sion, details of piston air compressors, hy- 
draulic compression of air, turbo-compressors, 
effect of altitude and compressor tests, re- 
ceivers, selection and care of compressors, 
appendixes A, B and C. 

An examination of the book clearly reveals 
the fact that, to be of service, it must be very 
largely supplemented by other material. To 
the student with no other recourse for assist- 
ance it is in places far beyond his compre- 
hension, while in others it is too brief. For 
the engineer there is too much matter which is 
of no practical value, such, for instance, as 
the space taken up by illustrations of the 
simplest and most common forms of mechan- 
ism. 

To cover properly the field indicated by the 
title either very much more space is required 
or else the book should be very radically re- 
arranged. 

The illustrations, while well executed, are 
in several instances not pertinent enough for 
insertion, and this detracts from the book. 

Whatever formule are found may be dis- 
covered in nearly every treatise on thermo- 
dynamics; in most cases they cover other 
fields than those indicated by “Air Compres- 
sion.” It is to be regretted that the author 
did not take better advantage of the fact that 
there is hardly any book in exisence which 
properly treats of the field indicated. 

In conclusion, it may be said that the book 
undoubtedly serves its purpose quite satisfac- 
torily in the author’s own classes, when it is 
in all probability supplemented by lectures, but 
taken by itself it is difficult to properly state 
its function. 


Tue CATSKILL WaTER Supply or New York City. By 
Lazarus White, Assoc. M. Am. Soc. C. E., Division En- 
gineer, Board of Water Supply. Cloth, 6 x 9; 755 pages; 
239 illustrations. New York, John Wiley & Sons, Inc., 
$6 net. 


When the Board of Water Supply of the 
City of New York was organized in 1905 to 
design and build the great aqueduct to deliver 
an additional water supply of 500,000,000 
gal. daily from Catskill Mountain sources 100 
miles distant from the City Hall the eyes of 
the engineering world were immediately 
focused on the project, for here was a work 
of stupendous proportions, calling for the 
country’s best engineering brains, the expen- 
diture of many millions of dollars, the solu- 
tion of problems without precedent to follow 
and the development of special plant and 
methods of construction. The water-upply 
project involved the organization of a great 
engineering force and the building of huge 
dams of cyclopean masonry, concrete aque- 
duct with inside dimensions of 17 x 17% ft., 
deep tunnels through bedrock hundreds of feet 
below the ground. surface, and _ steel-pipe 
siphons lined with a thin protective sheet of 
concrete. It was to have been expected that 
a project of such magnitude would develop 
problems of design and construction of 
unusual interest, and that this expectation has 
been realized is at once apparent to the reader 
of Mr. White’s book. 

Mr. White has been connected with the 
Catskill aqueduct work practically from its 
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inception and as division engineer in charge 
of location and construction on various parts 
of the line he has had unusual opportunity to 
gather data of great value. Often in the press 
of construction work engineers think only of 
the present and when the final estimate is 
made up there is no permanent record of what 
has been accomplished. In a few years even 
those intimately associated with the project 
retain but a hazy idea of the many interest- 
ing details of design and construction which 
other engineers would give much to know 
about. Mr. White, therefore, is to be con- 
gratulated upon the service he has rendered 
by presenting a comprehensive account of the 
Catskill work. His book has the peculiar 
merit of having been written in the very at- 
mosphere of construction and with the in- 
spiration of daily contact with directing engi- 
neers and contractors. 

The book begins with a history of the water 
supply of New York from the days of the pub- 
lic pumps of the Dutch settlers down to the 
present. There follow chapters on the or- 
ganization of the engineering and administra- 
tive bureaus of the Board of Water Supply, 
location studies for the aqueduct, borings and 
subsurface geological investigations, with 
special reference to the celebrated tunnel 
crossing, I100 ft. below the Hudson River. 
Succeeding chapters deal with the preliminary 
studies, design, and the construction of every 
link in the Ioo-mile chain of dams, aqueducts, 
tunnels and pipe lines. 

The author has covered his subject in great 
detail and the book gives every evidence of 
painstaking effort to present the complete 
story of the Catskill aqueduct. Although the 
greater part of the work is descriptive, much 
of it is devoted to discussion of design and 
plant layout, and there are valuable data on 
progress and costs, particularly in relation to 
diamond-drilling, tunneling and shaft-sinking. 

The book is illustrated with numerous re- 
productions of photographs and contract 
drawings, and the text is well subheaded, so 
that one may find any subject readily and con- 
centrate upon the sections of particular in- 
terest. 

No waterworks engineer can consider him- 
self abreast of the times without a knowledge 
of what has been done on the Catskill aque- 
duct. For several years past it has been the 
Mecca of engineering pilgrims from all over 
the world. For these Mr. White’s book will 
serve as a veritable engineering “Baedeker.” 
Others, not so fortunate as to see the great 
work in progress, can still gain a vivid im- 
pression of it from the printed page, for Mr. 
White takes his reader by the hand, as it were, 
starts in at the upper end of the aqueduct, at 
the Ashoken reservoir, and traverses every 
foot of the line, pointing out the interesting 
features, giving reasons for this and that, and 
explaining just how every detail of the great 
work was carried out. 


Letters to the Editor 


To Find the Point of Intersection 
of Two Grades 


Dear Sir: To find the stationing and eleva- 
tion of the point of intersection of two grades 
a convenient method is first to fix a-point on 
the one grade of the same elevation as a 
known point on the other, and then solve with 
the formule derived below. In each of-the 
figures a and c are the arithmetical grade per- 
centages, b is the horizonal distance between 


the two points of equal elevation A and C, 
and h is the difference between their elevation 
and that of the point of intersection B. 


100 
a 100 —_ 100 cC 


B 
Fig! Fig.2 
Two Typical Cases 


For Fig. 1, where the grades slope in oppo- 

site directions, 
AD+DC=b 
or DC = b — AD 
ADD wai ING XC 

Substituting 

AD Xa= (b—AD)c = cb —AD Xe 
or 


cb 
AD = atc 
ab 
CDi atc 
and 
co 
100 (a+ c) 


In the case of Fig. 2 the first equation above 
becomes AD—DC=b, and the resultant 
equations are 


AD = ea h =~ 


Cc—a4 O=—'a 


acb yi: 
00 (c — a) 


Tacoma, Wash. Erwin Davis. 


Variation in Level of Great Salt 
Lake 


Dear Sir: Reference is made in this letter to 
the article with the above title in the Engi- 
neering Record of June 28. 

To begin with, the. diagram of fluctuations 
is in error. The records show that the lowest 
stage recorded since records have been kept 
was reached in November, 1905, following a 
fairly regular fall since 1900, whereas the 
diagram shows. a decided rise and subsequent 
fall between 1903 and 1906. 

The assumption that the record of the rise 
and fall of Great Salt Lake in common with 
other similar bodies in the arid West is of 
great value is true, as is the sentence reading, 
“When we consider the fact that most large 
investments,’ etc. The facts known to all 
who have had to deal with the problem, how- 
ever, are so at variance with the remainder of 
the article that I am writing this letter by 
way of explanation. 

It is stated in the first paragraph of the third 
column that “the conclusion might then have 
been drawn that with the development of 
irrigation, aided, perhaps, by certain progres- 
sive climatic changes, the water supply to 
Great Salt Lake was practically cut off.” 

This assumption was popular with laymen, 
and the second part thereof properly, as I 
am ready to show. The first part of the as- 
sumption relative to irrigation, however, was 
never accepted by engineers. 

It is a fact, easily deduced, that the remark- 
able fall of the lake from 1900 to 1905 was 
directly due to the general lack of precipita- 
tion over the Great Salt Lake watershed, and, 
vice versa, the remarkable rise from 1905 to 
1910 was due to the great excess of precipita- 
tion. 

Great Salt Lake is fed largely by the Bear, 
Weber and Jordan Rivers. During the period 
1900 to 1905 there were no irrigation develop- 
ments that in the slightest measurable way 
could have affected the fluctuations of Great 


Salt Lake. For many years the normal sum- 
mer flow of all the streams discharging into 
the lake has practically been used up, and 
there have been no storage developments that 
have interfered with the surplus flow. The 
early spring and summer flows govern the 
rise of the lake. This is readily seen from 
the average monthly discharges of the Bear 
River for the period beginning with 1890 
and ending with 1910, in thousands of acre- 
feet: 


Jan. Feb. Mar. Apr. May June 
95.12 83.30 143.34 225.31 299.58 262.99 
July Aug. Sept. Oct. Nov. Dec. 
112.99 57.43 59.12 80.97 84.00 83.73 


The average discharge of the Bear River 
during the period 1900 to 1905 was 1,054,500 
acre-ft., against a normal discharge of 1,583,- 
180 acre-ft. For the period 1905 to 1910 the 
average discharge was 1,936,000 acre-ft. as 
against the same normal discharge, showing 
a deficiency for the first period of over 500,- 
ooo acre-ft. per annum and for the second 
period an excess of more than 350,000. 

The precipitation at Salt Lake City for the 
periods last mentioned was as follows: 1900 
to 1905 inclusive, average 14.03, normal 16.03; 
for 1906 to IgIo inclusive, average 19.68, nor- 
mal 16.03. The precipitation for the entire 
Great Salt Lake drainage basin follows this 


‘closely as to excess or deficiency. 


I have not had the time to go into the mat- 
ter in detail, but I think the above is sufficient 
ground, together with the first-hand knowl- 
edge that there have been no reservoir proj- 
ects which have affected the flow of the 
streams discharging into Great Salt Lake, to 
say positively that it was the lack of precipi- 
tation that caused the fall and an excess of 
precipitation that caused the rise from 1900 
to I9gIo. 

In conclusion I might add that the state- 
ment that the reservoirs in the West are at 
the lowest stage ever known does not apply to 


‘Utah. 


H. S. KLernscumMipt, 
of Brown & Kleinschmidt, 
Salt Lake City. Consulting Engineers. 
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Utility vs. Beauty 


Dear Sir: Apparently the writer of the 
paragraph on the proposed New York court 
house, which appears in your editorial col- 
umns of July 5, is not familiar with the plans 
prepared by Mr. Guy Lowell. 

A short study of the drawings would con- 
vince him without a doubt that the arrange- 
ment of rooms is such that the utmost con- 
venience has been attained, that the building 
will be lighted and ventilated much in excess 
of that designated by good standard practice, 
that the expense of construction is far less 
than would be the case in a building of rect- 
angular or other form, inasmuch as the un- 
used space is a minimum, and finally that the 
problem of future extension has been amply 
provided for. 

Probably one of the best features of Mr. 
Lowell’s plan is the fact that ideal circula- 
tion has been obtained. A person, having ar- 
rived in a wrong court room, may reach the 
proper one in a very short time and with 
very little walking. Privacy for the justices 
is a very noticeable point of interest. 

So the proposed circular court house is not 
a case of “Utility vs. Beauty,” but is utility 
combined with beauty. 

Apion N. VAN VLECK, 
Structural Engineer 
[in office of Guy Lowell]. 
New York. 


